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AISING A BRIDGE TO ALLOW CLEARANCE FOR A 
PASSING DREDGE. 

The half-tone herewith presented shows two 
wrecking cranes raising a double-track bridge 
54 ft. long on the B. & O. R. R., in order to al- 
low a clearance for a dredge working on the 
cedar Creek Drain, near Auburn, Ind. Through- 
out this branch of the system great inconve- 
nience has been caused by these dredges which 
are working upon drainage and irrigation canal 
work and which must pass under railroads at 
places where the clearance is much too small 
for them to fully get under the bridges. In this 
case the wrecking cranes hoisted and held the 
girders high enough for the dredge to pass un- 
derneath them and the track was obstructed 
only about two hours, one hour of which was 
taken by the dredge in working on the excava- 
tion. 

The railway work was under the direction of 
Mr. L. A. Curtis, Division Engineer, and the 
dredging done by Mr. J. W. Pearl, to whom we 
are indebted for the accompanying photograph 
and information. 


STEAM SHOVELS AND STEAM SHOVEL WORK IN 
RAILWAY CONSTRUCTION. 

An important and interesting matter which 

was assigned last year to the Committee on 

Roadway of the American Railway Engineering 

and Maintenance of Way ° 


important points that should be given careful 
consideration, regardless of the work to which 
the machine is to be assigned: (1) Care in the 
selection and inspection and acceptance of all 
material that enters into the machine; (2) the 
design in regard to strength; (3) the design in 
regard to production of work. As the result of 
the replies received to a circular letter of enquiry 
the committee in its report made certain recom- 
mendations, and some of these we have tabulated 
below for convenience of reference: 
STEAM SHOVEL FOR RAILWAY CONSTRUCTION. 
Suggestions by Recommended by 


members. committee. 
Weight 25 to 90 tons. 70 tons. 
Dipper ............+---1¥to5cu. yds. 2% cu. yds. 


Boiler pressure. ++eeeees 100 to 200 Ibs, 120 Ibs. 
Clear height above rail 


rivet Sayre 8 to 18 ft. 16 ft. 


dipper will dig........ 2to 8 ft. 4 ft. 
Movements of dipper per 

minute from entering 

bank to entering bank 1 to . 


Tank capacity...... -..+1,000 to 7,000 gals. 2,000 gals. 
Coal bunker capacity... 1 to6 tons. 4 
Jack-arm s cocccse 160028 18 ft. 
No. of pit men..... ais 8to8 4 


As to the use of cable or chain for hoisting, 
seven replies favored the former and 27 the 
latter. In spite of this predominance in favor 
of the chain, the committee recommends the 
cable hoist on account of the economy in cost of 
renewals and repairs,.and states that this recom- 
mendation was made after the subject had been 


and the committee recommends that permanent 
housing be provided for all employees. Of the 
replies received bearing on this point 26 favored 
permanent housing and 10 favored temporary 
protection. The recommendation for the use of 
four pit men is based upon work under ordinary 
circumstances. In regard to the recommenda- 
tions as to the capacity for coal and water given 
in the table, it is stated that ordinarily a day’s 
supply of coal should be provrded, while it is 
generally possible to supply water at least every 
12 hours. 

The replies received as to the width of spread 
of jack-arm showed a great difference of opinion, 
varying from 14 ft. to 28 ft. The committee 
recommends 18 ft., and, having in mind that it is 
often necessary to provide for narrow cutting, 
it believes that an extra short-arm should be 
provided for each machine. The committee is 
also of opinion that it is advisable to have the 
crane made to swing back beyond the jack-arms, 
so that cars can be loaded in tunnel or rock-cut 
work where the entrance is narrow and the cars 
cannot be pulled beyond the machine. Of the 
replies 13 favored and 23 opposed this feature. 
As to the shovel track construction, , tee-rails 
are recommended, and this construction was 
advocated in 12 replies, while 5 advocated chair 
rails and 2 advocated rails on stringers. The 
length of track sections varies from 3% ft. to 6 
ft. The committee recommends the latter, and 
also recommends strap 


Association was that of |) 
investigating and report- 
ing upon the type of 
steam shovel best adapt- 
ed for roadway construc- 
tion. In its report for 
1902 the committee dealt 
with a similar subject, 
but in regard to railway 
improvement work. The 
selection of a shovel for 
general roadway con- 
struction, however, brings 
up the construction of 
new lines as well as the 
improvement of existing 
lines, and the committee 
States that it is probable 
that one class of shovel 
would not be suitable for 
all purposes, for the rea- 
sons quoted below: 

1. In opening up new lines, 
it is often advisable to have 
4 small light traction shovel A 
to precede the lar 


work and cast out to the sides material from cuts, so 
po the loading track grades may be reduced ‘and 
operated. 

tudard shovel, such as the committee will 
— a, would be required, and would be available 
lines or for improvement work. 

heavy ¢.. ently occurs that a standard shovel is too 
to finis:, ..rtaim soft cuts where it might be advisable 
‘oo ‘th a much lighter class of machine. 

ballast __Tallways are fortunate in 


possessing large 

shovel be advisable to use a 
STEA SHOVELS.—In the selection of ma- 
chines 


this class, however, there are three 


given very careful consideration. It also recom- 
mends the use of a cable in swinging the crane, 
the replies in this case being seven in favor of 
friction gear and 31 in favor of the cable. In 
the opinion of the committee, the housing of the 
men has not been given the attention that it 
demands, either by manufacturers or users of 
steam shovels, and although the engineman and 
fireman are usually well protected, the craneman 
is entirely unprotected. If he is to be retained 
as a necessary employee, he should be protected, 


PLACE WHERE NAVIGATION HAS THE RIGHT OF WAY. 


joints. | 

CARS.—For the car 
tracks the recommenda-~ 
tion is for standard gage, 
only two favoring nar- 
row gage as against 32 
for standard gage. As 
to the style of car, the 
committee recommends a 
Standard car, with per- 
manent sides, swinging 
hinged doors and aprons 
between the ends. In the 
replies received regard- 
ing this point a minority 
of members favored 5- 
yd., 12-yd., 15-yd. and 
30-yd. dump cars, while 
others favored ordinary 
railway flat cars; but 
the majority were in 
favor of the cars ag rec- 
ommended by the com- 
mittee. It is - recognized, 
however, that the ordi- 
nary flat car must frequently be used, and in 


such case special care should be taken as to the 


following matters: 


See that the car is strong enough for the purpose for 
condition; and 
be placed 


1. 
which it is to be used. 

2. Note that brake-wheels are in 
in case material is to be plowed off, these must 
at side of car. 


. See that stake are od not 
spaced too far a apart cen’ 0! car 
= ge ends of the car is considered good 


4. See that the stakes are strong enough to prevent 


and closer at 
practice. 


accident or derailment of plow. 


at which di 
loads 
Depth | 
| 
\ \ 
\ | 
§ | 
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DUMPING AND PLOWING MATERIAL 
FROM CARS.—Where the material is to be 
dumped from a trestle to form a bank, with a 
haul of less than two miles, the recommenda- 
tion is for light cars and lighe trestles; 15 re- 
plies favor this, as against 12 in favor of heavy 
cars and strong trestles. In the use of an un- 
loading plow hauled by a cable 31 members 
stated that their experience had been satisfac- 
tory, while six have had unsatisfactory experi- 
ence. Only three recommended the old plan of 
hauling the plow cable by a locomotive, while 32 
recommended the use of an auxiliary engine, the 
size of drum varying from 3 to 5 ft. diameter. 
The committee recommends the use of an auxil- 
jary engine, with cylinders 12 x 12 ins. and a 
4\%-ft. drum, this diameter permitting four wraps 
of 1%-in. cable to be made. The machine should 
be able to develop a pull of 60 tons, and would 
weigh about 28 tons. The use of 1%-in. cable, 
1,200 ft. long, is recommended. The committee 
recommends that when the raise is light the cen- 
ter plow should be used, but side plows are niore 
advantageous in making heavy fills; the use of 
a reversible plow is not recommended. The plow 
should be of strong coastruction and provided 
with a trailer; it should be not less than 4% ft. 
high and 36 ft. long over all, with a weight of 
about 7 tons, although the weights given in the 
replies ranged from 2 to 10 tons. 

SPREADER CARS.—The two-arm type of 
spreader is recommended, handled by compressed 
air; 26 replies advocated air, as compared with 
six for the hand windlass and one for steam. 
Some other features are tabulated below: 

SPREADER CARS. 
Suggestions by Recommended by 


members. committee. 
Spread of wings........... 5 to 35 ft. 20 ft. 
Limiting angle of wings... .20 to 80 degs. 45 degs.* 


Height above rail for de- 
positing material ........ 4 ins. to 5 ft. 2 ft. 
Depth worked below rail.. 6 ins, to 2 ft. 2 ft. 


BUILDING BANKS.—For building embank- 
ments with trains on a new location the com- 
mittee makes recommendations as follows, the 
figures in parentheses representing the individual 
opinions submitted to the committee: The ver- 
tical limit allowed for raising the track with ma- 
terial dumped should be 4 ft. (2 ft. to 15 ft. 
suggested), and the same where a central core is 
put up by teams and widened with material from 
the steam shovel (2 ft. to 20 ft.); the committee, 
however, does not recommend this latter method 
unless material can be borrowed cheaply from 
the side. For fills of over 4 ft. 1n height (4 ft. to 
75 ft. suggested) a temporary filling trestle 
should be used under ordinary circumstances, but 
this naturally depends upon the availability and 
expense of the necessary timber. As to other 
methods, three members recommended building 
a narrow-gage or standard-gage track on the 
natural surface and unloading the material with 
side plow or dump cars, jacking up the track as 
the material is deposited. Four others suggested 
the availability of contractors’ dump wagons and 
earts, and one advocated the suspension of two 
cables held at proper spacing to support a dump- 
ing track. The committee calls attention to the 
ordinary graders, cableways, power scrapers, 
traveling cranes, suspended bridges and other 
types of mechanical appliances that might be 
used according to the conditions and the amount 
of material to be handled. Several such devices 
have heen described in our columns. 

In making embankments with trains on an 
existing line under traffic, it is not wise to. use 
the work trains on the main track where. the 
raise is to exceed 4 ft.; 
gradually with not more than 6 ins. for each lift. 
This method may be economical where sand, 
gravel or cinders can be used. Where the traffic 
is heavy and the track is to be raised more than 
4 ft., a temporary running track should be built 
at one side, and the main track jacked up ver- 
tically; the length of track affected and the cost 
of temporary track are taken into consideration, 
and some members have advocated this method 
for heights varying from 2 ft. to 20 ft. Where 
the track is to be raised more than 6 ft. (3 ft. to 
30 ft. suggested), it would be economical to 


throw the main track to one side and build a 
dumping trestle; in this case, of course, the 


“R. R. pass at New Haven. 


the lifting should be done. 


availablity and cost of timber must be consid- 
ered. Another method suggested was to build a 
new temporary grade outside of the slope stakes 
for the new bank. Some members also called 
attention to the practicability or first widening 
the embankment to its full width and as much 
higher as possible without interfering with traffic, 
then build a new track on this new bank, when 
the old track can be taken up and bank raised. 

SHRINKAGE IN EMBANKMENTS. — The 
committee recommends allowance for both height 
and width in new banks, and 20 replies approved 
of this, while two favored allowance for vertical 
shrinkage only, and two for horizontal shrinkage 
only. The allowances suggested and recom- 
mended are tabulated below: 


Suggestions by Recommended by 
members. committee. 
Black dirt, trestle filling.. 7 to 30% 15 


Black dirt, raising under 

Clay, trestle filling........ 5 to 30% 10% 
Clay, raising under traffic. 2 to 20% 5% 
Sand, trestle filling........ 3 to 6% 
Sand, raising under traffic. 3 to 15% 5% 


In conclusion we quote from a letter written by 
the chairman of the committee (Mr. H. J. Slifer, 
New York), and embodied in the report: 


There appear to be no theoretical rules to decide what 
amount of allowance should be made for settlement 
of new embankments. Naturally the question is affected 
by the character of the foundation under the embank- 
ment and the character of the material making the 
embankment. The-ordinary rule to use 10 % for shrink- 
age in height up to 25 ft., and 15% for banks over 25 
ft. in height, looks well in a book, but it would appear 
foolish to follow such a rule by making a 100-ft. em- 
bankment 115 ft. high. If you did so, the chances 
are that you would have to lower the grade before the 
track was laid. I believe it a good practice to allow 
10% in height with a limit of 5 ft., which I would 
not exceed except foundation is in a swamp. 

It is now conceded that the proper place to provide 
for shrinkage of embankments is in the width, and 
here there can be no limit. However, where there is 
good material and foundations, with very high banks, 
I would recommend increase of width as follows: 

10% for banks less than 25 ft. high. 

15% for banks between 25 ft. and 50 ft. high. 

20% for banks between 50 ft. and 75 ft. high. 

25% for banks between 75 ft. and 100 ft. high. 

Possibly the last is too strong, and there should be 
a limit to increasing width as well as height. Banks 
will naturally settle, and you want the material on the 
shoulders so that the track forces may keep the roadway 
built up to its full height and width. y 


CONCRETE ARCHES WITH OLD RAIL REINFORCE- 
MENT.* 
By C. L, SLOCUM,t Assoc. M. Am. Soc. C. E. 


The New Haven cut is a depression through which 
the tracks of the New York, New Haven & Hartford 
At present, construction is 
in progress enlarging the cut from a two-track to a 
four-track road, and at all intersecting streets new 
bridges are being erected. Three types of bridge con- 
struction are being used on this work, viz., plate-girder 
spans, a Warren through-truss span at a point of ex- 
treme skew and curvature, and a reinforced concrete 
arch construction, the reinforcement consisting prin- 
cipally of old rails discarded by the railroad company. 

By far the largest portion of highway construction is 
this. third type of bridge, consisting of a series of 
arches, each,arch spanning a pair of tracks. This’ via- 
duct typg,of construction was used at Fair and Union 
St. crossing, where. four. pairs of tracks are spanned. 
Similar construction will be used at Crown, Chapel, 
Court Sts. and. Grand Ave. Piers. between pairs of 
tracks had to be.used in all these street crossings be- 
cause this portion, of -the city and ‘‘The Cut” are nearest 
high water .in elevation, and more depth could not be 
taken for.a structure.of greater span. 

Several studies and methods of flooring these crossings 
were “considered under the direction of Mr. McHenry, 
Vice-President; all but one were rejected because of the 
difficulty in affording free and easy egress for the smoke 
and gases. Any construction similar to or like I-beams 
and jack-arches that would, in any way, form pockets 
for the gases, was considered comparatively short-lived 
and expensive in maintenance. Some form of a smooth 
arch offered the readiest solution to these requirements. 
What was finally evolved was a flat three-centered arch 
which conformed to the best advantage to our double- 
track clearance diagram. While practically nothing was 


*Portion of a paper presented before the Connecticut 
Society of Engineers at the 23d Annual Meeting, Hart- 
ford, Conn., Feb. 13, 1907. 
on™ Engr. N, ¥., N. H. & H, R. R.. New Haven, 

onn, 


gained in depth of structure in using 

in preference to the other methods of s) 
of tracks, the arch form best facilitated t). 
of gases, so that a train, in Passing | : 
tically ventilates or draws out after ; 
smoke and gases, 

Essentially this reinforced concrete con 
sists of embedding steel elements or unit 
The elements or units are of such form a- 
and so placed in the concrete as will mo 
afford the greatest strength to the given ¢), 
bridge work old track material such as ab. 
fish-plates, and bolts, railroad scrap in 
is the given material for reinforcement. < 
material, in the shape of rods, bent plat: 
lacing, is added to make up the fabrica:. 
to bind all into a frame and mesh work. 
the accompanying drawing showing these 
units, will indicate how the reinforcement » 
in the concrete. 


REINFORCEMENT. 

An arch unit, it will be seen, consists of 
natural position following the extrados of ¢! 
within 3 ins. of its surface, bolted at the ; 
another rail which is inverted and which 
curve of the intrados and about 3 ins. from 
Where the rails separate, bent plates or | 
serted which is bolted to the flanges of th: 
making a truss frame or unit. In shor 4)| arch 
units are of this construction. The arch uni-, it will 
be seen, are spliced into the pier or abutme: 
A pier unit is made up of a vertical rail io which, at 
fixed heights, are bolted short pieces of rail jo which 
are spliced the rails of the arch unit. Where the arch 
units are next to an abutment or the end of ihe bridge 
they are spliced into the abutment units 
frames. 


1 in Its 
h, and 
WO to 
WS the 
urface, 
> IS in- 


Pails 
units 
or anchor 


The abutment units in shape follow the ex- 
terior shape of the abutment. The lacing, of b+ 


t plates, 
of the constituent rails makes the unit or frame. In re- 
view and speaking generally, all units are composed ot 
two rails, except the pier unit, which is composed of 


three pieces, and in shape follow the exterior surfaces 
of the particular part in which they are embeded. 

In this work the main item of cost to be studied js 
in the work of fabrication of these rail trusses or units, 
consequently full length rails were used as far as pos- 
sible. 

Theory and practice tell us, corvincingly, that the 
finer the distribution of metal in the concrete the more 
homogeneous the reinforced concrete; but in the use of 
these large steel sections other advantages accrue and 
much is gained in stiffness. When the reinforcement 
sections are large, shorter and easier methods in erec- 
tion can be used where falsework of the usual kind 
cannot be employed. These advantages were considered 
in the use of large sections. If it is found necessary, 
these unit frames and reinforcements are of ample 
strength, size and stiffness to support the arch lagging 
Those who have seen the completed reinforcement of 
Fair St. readily admit that it has considerable sustain- 
ing powers within itself, without the concrete. Arches 
of this type could be erected in perfect safety over 
tracks in constant use. However, where possible, a 
conservative course has and will be pursued, employing 
the usual falsework. 

It is a favorite method of some European designers 
and constructors to make the reinforcement large and 
strong enough to support the necessary lagging and 
adjuncts. They claim, and it seems plausible, that the 
saving in the cost of forms is far greater than the in- 
creased cost of the added steel area necessary for self- 
support. A disadvantage in using such large sections 
fs that the areas are not elastic; in other words, where 
smaller areas of steel would have sufficed, the large 
areas had to be used for uniformity of construction. 

This unit truss construction is properly continuous 
along the entire length of the structure, making easy 
a careful placing of the reinforcement. In the use of 
large sections, such as the fixed rail section, constant 
care must be taken to have as few kinds of ‘:«mes a 
possible. Each new kind means a new shop template 
and added cost. Small rods lend themselves to 
variety and set of circumstances without muc! trouble, 
being readily bent and twisted to suit particular purposes. 

In railroad work no material is more readily at hand 
or cheaper than old rails and fittings, and if ‘he ral: 
road shops could have fabricated this reinfor.. ment 
was originally intended, it is extremely doubt! ! if moré 
economical reinforced concrete could be built with the 
same large measure of reserved strength in © © lars? 
sections. Considerable difficulty was experien | in ob 
taining old material uniform enough to &' together 
easily in the field. There are five different “kes of 
rails in the Fair St, bridge. Much time w lost !2 
adjusting and hammering obstinate fish-plate nections 
into place. 

In physical characteristics the rails varied v © much. 
Before the actual work the fabrication of 
forcement commenced, some experiments were nducted 
to see if the material intended for use cou! de bent 
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— 
everest curves required. Unfortunately, the tied in by \4-in. vertical round rods. The entire rein- 
= Al s bent had exceptionally good elastic qual- forcement made a compact rigid steel skeleton. 
- : ere easily bent to the curves of shortest As can be seen from the drawing, the old rail trusses 
ities ” at any signs of cracking or fracture of the are in convenient shipping and handling sizes. 
-_ bending points. It was concluded that this The crown thickness is 14 ins., 8 ins. being allowed 
‘id be handled cold at the desired curves. for two depths of rail which varied somewhat with the 
a .ctual work of fabrication commenced the kinds, plus 3 ins. of concrete covering on each side. 
ii 1 and snapped off short under cold bending, Bitulithic paving 3 ins. in thickness is the wearing sur- 
om . rying various kinds without success, resort face of the roadway. This is laid on the rough top of 
mi to nally made to heating the rails before bend- the solid spandrel arches. 
tog tb As can be seen from the nature of the construction, 
No? ments were attempted in bending the rails 14 ins. crown thickness does not permit the usual 
to the es shown on the drawings. The sections caliber of water and gas mains or a great number of 
being and cumbersome to handle, 3 ins. leeway telephone conduits. Nothing of this nature could be 
trom einpforcement to the surface of the concrete inserted in the reinforced construction. The only resort 
was 8 4 for difficulties in exact bending. In the left was to insert all the necessary pipes and conduits 
erectic the Fair St. reinforcement, the distance for present or future use, in as deep a sidewalk as 
of the reinforcement to the surface of the concrete could be made. 
varied , 8 to 6 ins., but was never allowed to be The sidewalks are all given a 10-in. gutter depth and 
ane’ 1 nan 3 ins. sloped back to the coping of the bridge at the rate of 
a9 . spacing of the reinforcement units, 3 ft. was %s-in to the ft. All pipes and conduits are conveniently 
the pr ent spacing in most of the construction; in laid in the material composing the sidewalks and are 
places was slightly less than 3 ft., and sometimes in a good measure accessible for repairs. 
4 ft. instance, at Fair St. the alinement is on The cross-section shown specifies the kind of material 
A oe e, consequently the reinforcement units had composing the walks and the arrangement of the pipes 


2,5 ‘Corr Long.) Rods, 356 “ong 


bents carrying the curved forms rested on sills, between 
which and the bottom timber of the bents were in- 
serted oak adjusting wedges by which the falsework 
could be adjusted to any desired elevation. Half-inch 
bolts are used in assembling the different truss members. 
20d wire nails are used in nailing down the lagging 
plank to the arch trusses. 

In the building of the Fair St. bridge, this arrange- 
ment of falsework has served its purpose adequately. 
The arch forms were set an inch higher than the 
figured elevations to provide for any settlement. The 
forms and supports were so made as to be available 
for similar arches for the other streets. 

ERECTION. 

The false work in place, the placing of the rail trusses 
and units commenced by resting them on small 8-in. 
blocks on the lagging, allowing the specific distance 
from the surface of the concrete. Adjusting the rail 
frames and splicing them is by far the most tedious 
part of the job. At Fair St. this work proceeded slowly 
on account of the variety of material. The old fish- 
plate holes did not occur uniformly and much trouble 
was encoutered in avoiding the interference of bolt heads. 
This experience at Fair St. demonstrated the need of 
more uniform material for the other bridges to properly 


tulithic ~ K- 24” Topof C pajustin 
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CONCRETE ARCH REINFORCED WITH OLD RAILS. TYPE OF ARCH USED FOR STREET 
CROSSINGS OVER THE NEW HAVEN CUT AT NEW HAVEN, CONN. 
and conduits in them. Incidentally, this section also facilitate the work. The placing of the reinforcement 
shows the arrangement of the reinforcement through and its detail consumed most of the time in the con- 
Ene. News. the crown of the arches and through the piers. struction of the Fair St. bridge. 


to be placed in radial lines to avoid an endless variety 
of units, had it been attempted to run the rail trusses 
parallel to the center line of the street. 

As to whether the reinforcement trusses are spaced 
3 ft. or some other distance apart, necessitated some 
little theory and computation. As an elastic arch with 
its bending moments far less material is required than 
is used. The nature of the reinforcement, its arrange- 
ment and possible uses, suggested computations on the 
basis that each arch consisted of two cantilevers carry- 
ing a small suspended span in the middle. This method 
of computing the stresses in the constituent materials 
was considered the best under the circumstances. For 
loading, the heaviest concentrations, as steam road 
rollers and trolley cars, were considered in the design. 
Whether the span is considered as a composite beam 
or an arch, the rails in the extrados may be consid- 
ered as in tension while the rails in the intrados as 
members in compression. The material for tension 
members is selected from a promiscuous lot, and splices 
were made and adjusted accordingly. Where the joints 
in the compression members or intradosial rails were 
open and a poor fit could not be helped, Babbitt metal 
was poured in to insure tightness and a perfect trans- 
mission of the forces. In the intrados, splice plates are 
bolted t» the lower flanges of the rails in an endeavor 
fo develop as much of the rail section as possible in 
tension, in addition to the regular fish-plates and bolts. 

Between the rail trusses, following the intrados and 
ettrados, are inserted 1%4-in. twisted rods spaced about 
1 ft. c. to ec. longitudinally and 2 ft. c. to c, trans- 
versely. The upper and lower points of crossing are 


A section of a proposed curb is shown, which has 
been used with some degree of success in several of 
our large cities. Sometimes an angle is inserted in 
the corner to prevent chipping. The wearing qualities 
of this kind of curb seemed doubtful as compared with 
the usual granite curb, so the latter kind will be used 
in its place. 

The nature of the foundation material at the different 
bridge sites and the heavy superimposed loads will make 
necessary in most cases the use of pilés in the pier 
and abutment foundations. The driving of piles is the 
first operation in preparation for the foundations. They 
are spaced about 3 ft. c. to c. and figured as being 
safely worth about 15 tons. The foundations in con- 
crete are then brought up to the lowest elevation of 
the reinforcement. Then the falsework is commenced. 
No steel of whatever description is placed until the 
completion of the falsework. 

CENTERING. 

In brief, the forms consist of bolted plank trusses of 
proper curved form spaced some 4 ft. apart carrying 
2-in. plank lagging on top. In section and construction 
this form resembles a large sewer invert. The curved 
forms are supported on timber bents composed of 
12 x 12-in. verticals spaced about 4 ft. apart. Three 
bents to the span are used, one being placed at the 
crown, the other two at the ends. These bents are 
braced in both direction by 2 x 6-in. diagonal strips. 
The arch trusses consisted of 3 strips of 10 x 12-in. 
plank in short sections shaped to the curve of the in- 
trados, and two 2 x 10-in. planks in suitable lengths 
for the straight bottom chord; 2 x 6 in. plank com- 
posed the diagonal struts between the chords. The 


After placing and connecting up the rail units along 
the entire length of the bridge, the abutment rail units 
were concreted in, holding the rail work at the two 
ends firmly in place for the accurate placing of the rod 
mesh work. All intersections and crossing of reinforce- 
ment were tied in by turns of small wire. 

The arch concrete consisted of a 1:2:4 mixture, with 
the stone in size to pass a %-in. ring. All joints, or 
the ends of a day’s work in concrete, are left rough 
and, if necessary, the next day are cleaned and mols- 
tened for the best bond. 

Exposed side surfaces and other parts where the forms 
could be easily removed when the concrete was green, 
were rubbed off smooth by a hand rubbing board with 
sand and water. Inaccessible parts, such as the erx- 
posed intrados of the arches, received an inch layer 
of cement mortar before the concrete was placed, while 
the sides of the piers and abutments were spaded. Ex- 
terior surfaces at Fair St. have come out satisfactory. 

The Fair St. arches and the street surface pf the 
bridge follow a longitudinal parabolic curve. It is about 
150 ft. long and 40 ft. wide, with a roadway 26 ft. 
wide and two sidewalks, each 7 ft. wide. It contains 
about 1,550 cu. yds. of concrete and 350,000 Ibs. of 
reinforcement. This bridge and the other reinforced 
concrete bridges will have the standard high board fence, 
but it is hoped when this portion of the New Haven 
Railroad system is electrified and the noise, smoke, and 
dirt are mere recollections, this fence which we will 
now have to look at with regret, will be replaced by 
a neat and artistic reinforced concrete balustrade, a fit 
associate for so comely a bridge. 

Messrs. C. W. Blakeslee & Sons, of New Haven, are 
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the contractors and builders of all the reinforced con- 
crete highway bridges as well as all other masonry, 
necessary excavation relating thereto, and work in con- 
nection with this improvement. The Yale Safe and 
Iron Co., of this city, are the fabricators of the rail 
reinforcement. The Aberthaw Construction Co., of 
Boston, supplied the rod reinforcement. Warren Bros., 
of Boston, will lay the bitulithic paving. 

All the engineering questions were handled by Mr. 
E. H. McHenry, Vice-President, in charge of Engineer- 
ing. Mr. Edward Gagel, Chief Engineer, and Mr. W. H 
Moore, Engineer of Bridges, under’ whose supervision 
chis. bridge work was designed and is being constructed, 
are members of this society. The writer is Assistant 
Engineer in charge of the design of the bridges of the 
New Haven Improvement. 


“COMMON PRACTICE” AND COMMON DEFECTS IN 
STRUCTURAL STEEL WORK. 
By EDWARD GODFREY.* 

When. an engineer criticizes a design of steel 
work on the ground of faulty details, and makes 
a’stand for good and consistent design through- 
out, the defense is generally set up that the 
construction objected to is “common practice,” 
and that other structures having the same glar- 
ing faults have “stood the test” and are “giving 
satisfaction.” It is notorious that highway 
bridges and mill buildings, as commonly built, 
contain fault after fault that no self-respecting 
engineer would be willing to defend. Yet the 
consulting engineer is asked to pass these glar- 
ing absurdities for no more potent reasons than 
the ones above quoted. 

What answer is an engineer to give to argu- 
ments such as these? Is he to pass features 
of a design that his judgment and calculations 
tell him are bad, just because he cannot cite an 
example where the same detail has been a cause 
of failure? Are we to wait for calamities and 
fatalities to happen before making improvements 
that reason would dictate? Accidents in small 
bridges and buildings are not chronicled for our 
perusal. If a severe storm takes away a small 
bridge, or a large one, it is set down to the 
severity of the storm and not to the weakness 
of the bridge. The bridge simply goes as an 
offering to,appease the storm god! 

Many years ago a great calamity occurred in 
England because of insufficient wind bracing in 
a structure. Royal commissions investigated the 
pressure of wind, and as a result, the writer 
believes, it was decreed that structures should 
be designed for a wind pressure of 55 Ibs. 
per. sq. ft. If a corporation attorney and 
an expert legislative whitewasher had combined 
to produce a law to defeat its own purpose, they 
could not have done better than this, at least if 
the law is executed as American laws often are. 


Moment = 9000 x 24"= 22,500 in-lbs. 
Section Modulus = /6x = 
Fibre Stress from Bending = 


22,500 + § = 60,000 ibs. per in. 

Fig. 
A wind load of 55 Ibs. per sq. ft. on the win- 
dows of our buildings would leave few of the 


larger ones whole. The same pressure on frame 
buildings would destroy many of them. In fact, 


this pressure exerted on all of the broad sur- 
faces above the ground would bring a great part 
of them down to the ground. 

- High wind pressures on small surfaces, like 
those of truss members, or a chimney stack, 
“*Monongahela Bank Bldg., Pittsburg, Pa. 


are good and proper; but it is unfortunate that 
any such pressure should be specified on broad 
surfaces, like the side of a building, for the 
reason that actual provision for such pressure 
would result in freak design. Inability to pro- 
vide against a high wind pressure by practicable 


after “giving satisfaction” for a third 
tury. It is about as instructive to ,; 

a vessel whose calculated capacity w. 

ins. failed to receive and retain a cy t of 

- Hquid. 
The load for which a highway bride. 


means has given rise to a subterfuge in the is seldom realized, and this is the fina! <a 
shape of fanciful assumptions as to certain frac- argument for the defense: “It wil! = 
) (a) 
(<) Girder 
(c) 
Bi Fig. 4. 
RES (a) 
lo 
ENG. NEWS. 
tions of the wind being taken by the “inertia its load.” If you ask, as the writer did having 
of the structure.” in view the rights of the purchaser, whetlicr bar- 
Another potent argument used by the defense rels containing 50 gallons should be supy lied to 


is this: “If you cannot provide for the wind 
load specified, what is the use of calculating the 
wind stresses at all? Use common sense!’”’ Now, 
common sense is the one human sense that is 
not common in its working in different indi- 
viduals of the species. It is quite easily influ- 
enced by the interests of the individual. To 
agree on a plain proposition of pounds is easier 
than to agree on the elusive matter of common 
sense. 

If there is one way above another to bolster 
up a weak design, it is to brace the structure 
thoroughly. But, strange to say, the count that 
can be placed against the greatest number of 
structures is that they are insufficiently braced. 
The matter of bracing, however, is not the only 
one in which common practice is at fault. It 
is the purpose of this article to point out some 


fill a specification calling for 63-gallon barrels, 
you will probably get the reply he got, ‘Yes, if 
that were the custom.” 

The strain-sheet of a bridge usually shows 
adequate sections of main members, but the d 
tails are sometimes insufficient to develop mor 
than a small fraction of the strength of these 
sections. No doubt the blame of some of this 


wasteful inconsistency can be laid directly to 
the draftsman designing the details. The writer 
has many times found bridge companies willing 


to correct details, at considerable expense to 
themselves, when the faults have been 
out. 


pointed 


(bo) 


(a) 


Fig. 3. 
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of the absurdities reiterated in designs of steel 
structures to such an extent that they may rea- 
sonably be cited as “common practice.” 

If this were a record of failures, to show that 
steel work does collapse when poorly designed, 
an instance could be given of an immense build- 
ing that collapsed twice during erection on ac- 
count of insufficient bracing, and another of 
a girder-span that quietly dropped one of the 
old locomotives on its line with fatal results, 


Section A-B. 
Fig. Je. 


Fig. 13. 


The following examples are not in inary 
cases, but are actually-observed instances { Vio 
lations of common principles of mechan! 

Case 1. Some eye-bars of a bridge w: © ben! 
out of line an inch, as shown in Fig. 1. ‘ (®): 
This may have been done to shorten ba: vored 
too long. It will be seen by calculation : ‘ the 
extreme fiber stress due to bending « 
double the direct stress, making t 
unit stress three times that intended. T) uild- 
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ers mai ined that the bars were all right and 
pot ove ressed. 

case -. Some loops were made of flats, as at 


(b), Fig. 1. This is not a square bar scarf-. 


welded the ordinary way, but a flat welded 
on the rrow edge, and the material is steel! 
on som: bridges recently examined all of the 
gat ba: had loops made of a separate piece 
prought around and welded together and then 
putt-we ed to the bar. The writer was informed 
that it the practice in some quarters to make 
alleged ye-bars in this dangerous fashion. 


Case A lateral connection on the side of a 
foorbes 1 Was made as per sketch in Fig. 2. As 
seen, ) sides giving tension on rivets, which 


might be allowed in a proper detail, the fiber 
stress (> the connection angle is 60,000 Ibs. per 
sq. in. The writer was accused of being guilty 
of “unnecessary refinement” (!) in objecting to 
this detail, and was told that it is “common prac- 
tice.” 

case +. This faulty detail is shown in Fig. 3. 
Its narne is legion, and it has a large family 
of relatives. The original is shown at (a). Here 
the laterals of a truss span are attached to the 
web of a swinging floorbeam, and there is noth- 
ing to prevent the floorbeam from swinging if 
the laterals are stressed. The wooden floor is 
about all that saves such a structure from sure 
ruin. 

Some genius came along and introduced as a 
hanger an eye-bar with a straight end square 
to the axis, as at (b). This offers a trifle of re- 
sistance. A bar 2 or 3 ins. wide will support but 
a small load on an arm of a foot or two. Some- 
one still more cautious continues the hanger 
down and rivets the floorbeam to it. Thus a 
built hanger of the healthy proportions of two 
angles 2% x 2% x ‘/win. may be called 
upon to take a bending moment in a small span 
that will give unit-stresses between the elastic 
limit and the ultimate strength of the steel. In 
one small highway span the unit-stress from 
wind alone on four angles 3% x 2% x 4-in. was 
found to be 20,000 Ibs. per sq. in., and in a 
railroad span the unit-stress on two 12 x ‘/s-in. 
connection plates was found to be 24,000 lbs.; 
these on “standard” designs, where it might be 
expected that the chaff was all winnowed out. 

The sketch at (c) is a variation on the same 
thing in which building struts are made of small 
I-beams. These are uneconomical as struts, when 
not braced at intermediate points, on account 
of the small lateral stiffness. The beam struts 
in this case had no other end connection than 
the rivets in the bottom flange. 

It is hard to see what justification there can 
be for the survival of this ancient blunder. 

Case 5. This concerns crimped stiffeners. It is 
not denied that a stiffener whose sole office is to 
stiffen a web-plate can be crimped with perfect 
safety, and it is contended that a specification 
requiring such a stiffener to have rivets enough 
to take all of the shear in the web at the sec- 
tion where it oceurs is absurd on its face, 
since the taking of this shear would necessitate 
giving it back again, as the stiffeners are not 
connected to anything but the web. It would 
mean the stressing of the rivets equally in two 
direction, or, in other words, the neutralizing of 
their stress. 

The fault with sketch (a), in Fig. 4, is that the 
pair of crimped stiffeners. must act as a column 
‘o take the full reaction of the girder. A crimped 
stiffener is a column already failed by buckling. 
fa column in place had taken this shape due 
‘o heat, it would be declared useless. Compres- 
Sion toust travel in straight lines, or, if com- 
pelled to change its direction, secondary stresses 
‘re tho result. The mere fact that the crimp- 
ing of these angles is a process of local forging 


that never followed by annealing to restore 
unifor::'ty in the steel is enough to condemn 
crimp | stiffeners in compression. Furthermore, 
a is | ractically more difficult to make a neat 
t ag 


ist the flange angles on the end of a 


ee ngle than on the end of a straight anzle. 
md s* 


loads 
them . 


ffeners and others taking concentrated 
‘ould be straight and have fillers under 
the thickness of the flange angles. 


The sketch at (a), Fig. 4, is further at fault 
for reasons given under Case 6. 

Case 6. It is a very common thing to see stiff- 
ener angles placed_as at (b), Fig. 4, with the 
outstanding legs at the edge of the masonry 
bearing plate. The outstanding legs of angles 
Supply the greater part of the end bearing, as 
the other legs must be cut or ground to fit the 
fillet of the flange angles. With the angles 
turned as at (c), Fig. 4, a good distribution of 
the load is effected, whereas with the angles as 
at (b) this is not the case. Sometimes, more- 
over, the flange angles run a little short. With 
stiffeners as at (a), (b) or (d), and the flange 
angles a little too short, the already inefficient 
bearing is seriously weakened. 

One aggravated case was found where the end 
stiffeners were crimped, and turned wrong, and 
were considerably out of line with the column 
angles, which had to take their load. This is 
shown at (d), Fig. 4, and occurs in a long via- 
duct of recent construction. 

Case 7. Figure 5 shows a traction brace, or 
longitudinal diagonal, attached to the angle of 


Case 10. The detail shown at (c), Fig. 7, show- 
ing the end connection of a sway-frame in a 
skew-span, is another example of the wrong use 
of a bent plate. This is in the sway-frame of a 
plate-girder span on a skew. The bent plate is 
suitable for taking the shear, that is, the vertical 
component of the stress in the diagonal brace, 
but the stress as a strut is unprovided for. A 
horizontal plate, as shown dotted, would take 
this stress. 

Case 11. In the detail at (d), Fig. 7, there is 
another case of the inefficiency of a bent plate. 
The U-plate shown is in bending at the corners. 
If the strut angles were brought up against the 
U-plate, with a tight fit, the compression would 
be taken direct into the angles. 

Case 12. Tension on rivet heads, as already 
intimated, is not bad when kept. within limits. A 
tension one-half of the single shear value of 
the rivet is not too high. The detail should be 


symmetrical, and the connecting angles should 
be thick enough to resist the bending. AI! rivets 
counted upon should be near the heel of the con- 
necting angle. There should be not less than 
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a viaduct post. It is clear that this could rip 
off by pulling the heads off two or three rivets 
marked x. This would be immensely improved by 
running the connection plate across the post to 
take rivets in the other angle also; though it is 
not thereby rendered an ideal detail, as there 
is no direct connection between the brace and 
the viaduct beam which acts as a strut. 

Case 8. Figure 6 shows a connection of a knee 
brace to a post, such as the brace of a portal 
to the end post of a bridge. Heavy braces are 
sometimes thus connected to thin webs that would 
not begin to resist the capacity of the braces. 
If a diaphragm is added, as shown dotted, the 
strength is at least doubled. If the end of the 
brace is forked and connected to the flanges of 
the channels, the strength is made still greater. 

Case 9. Eccentric rivet connections are too 
numerous to mention. Figure 7 (a) shows one 
common example. An attempt is made to bal- 
ance this detail by a bent plate at the toe of the 
connection, but the result is only a balancing in 
appearance. A bent plate is not suitable for 
taking direct stress. In* this case, when the 
brace is in tension, the stress would tend to 
straighten out the bend. As shown at (b) the 
detail is balancéd. 


(b) 
Fivets 


SidewalA 
Bracket 


Led 
Fig. 


four rivets in any connection for tension. Rivets 
are often preferable to bolts in tension, because 
of (1) the difficulty of making bolts tight, @) 
the free use made of common erection-bolts in 
bolted connection, (3) the fact that rivets: seal 
the metal better than loose-fitting bolts. 

In Fig. 8 is shown a detail which was used to 
support a large section of floor. It was evident 
that all of the eight rivets were counted upon 
in tension. The four nearest to the heel of 
angles would have to take all of the load, as it 
is impossible for the others to come into action 
until the first four failed. This is a very poor 
detail. 

Case 13. The anchorage of columns ‘is: often 
made as in Fig. 9. It is often of great advantage 
in mill building columns to have them anchored 
for bending so as to aid in resisting wind stresses. 
Such an anchorage as this one is of scarcely any 
use in resisting bending. The bolts are in the 
neutral axis of the column, and they do not take 
hold of the shaft of the column. They should 
pass through the bottom connection-angles. 

Case 14. In this example, Fig: 10, one stringer 
is riveted to the top of a floorbeam and the other 
slides. There is nothing to stiffen the floorbeam 
and balance it against overturning when: one 
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stringer is loaded with live-load and the other is 
not. The same criticism holds against a single- 
webbed column on top of which one beam rests 
and is riveted, while another slides. The addi- 
tion of a gusset brace, as shown dotted, helps 
this detail out by bracing the floorbeam to the 
fixed stringer. 

Case 15. In this case, Fig. 11, a cross-beam 
not only lacked stiffeners under the flange angles 
of the girder, but found only one rivet in its 
neighborhood to take its load. 

Case 16. Figure 12 shows a lateral hitch found 
in many old (and unfortunately in some new) 
bridges. What the up- 7 
per bent plate can do to 
add to the strength of 
this detail is hard to see. 
Sometimes there are two 
rivetsin this upper plate, 
and it is rendered a trifle 
better; but such a bent 


gross errors that every structural designer should 
know are such. 

Case 20. The example shown in Fig. 15 be- 
longs by itself. The designer evidently thought 
that though his chords did not intersect over the 
support, he had a deep girder to take the bend- 
ing moment. At the inner end of this girder 
the bending moment cannot jump into the air, 
but it must be taken by the chords acting indi- 
vidually in bending. 

Case 21. Sidewalk brackets are a prolific source 
of inconsistencies. Members will be duly pro- 
portioned and detailed for their stress up to the 


plate is by no means 


~ 


capable of resisting any 
considerable stress. The 
idea in the minds of 


some designers seems to ] 
be merely to provide 
something that will offer 
some resistance’ before 
final rupture and tearing apart of the structure 
occurs. They do not consider the necessity for 
maintaining the integrity of the detail while 
taking the legitimate stress of the member. This 
is exhibited not only in this detail but in many 
others herein shown. 

Case 17. This concerns angular bends in mem- 
bers under stress, such as flange angles of gir- 
ders. It is illustrated at (a), Fig. 13. Apart 
from the possible injury to the metal, due to the 
forging, there is a force x which bisects the 
angle between the straight parts. For the part 
of the flange angle lying against the web this 
force is at least partially resisted, but for the 
outstanding leg of angle it is not resisted, and 
as a consequence the other part of the angle 
is overstressed. 

Assuming a bend gf 20° and 6 x %-in. out- 
standing fianges, the force x is about one-third 
of the stress in the angle. At 16,000 Ibs. per 
sq. in. this force x would then be about 16,000 
lbs. for each 6 x %-in. flange. On the two angles, 
say 6 x 3% x %-in., at 16,000 Ibs. per sq. in. net 
section, the force x is about 43,000 Ibs. This 
would require six or seven rivets, and there 
would be only one or two at the bend. The 
absolute absurdity of such a design is thus 
apparent. Sharp curves in members under stress 
have the same fault in a somewhat less degree. 
Anything but long, easy curves should not be 
used, and the curved flange should be thick and 
as narrow as practicable. If bends are necessary 
they should be reinforced by plates against the 
web. 

Case 18. This is shown at (b), Fig. 13. It 
involves a combination of a bent splice plate, 
which has all of the faults of Case 17, with a 
faced joint of two members coming together at 
an angle. The faced joint is just a variation 
of Case 17, with the added uncertainty of a pos- 
sible bad fit or an open joint. There are no 
rivets at the bend to take the force y. 

Case 19. This concerns failure to make truss 
members intersect at common points or at points 
of application of the load. One very common 
example is shown at (a), Fig. 14, a sketch of 
the ends of the chords of a roof truss. These 
often intersect a foot or two outside of the sup- 
port. The result is that the chords are com- 
pelled to take bending moments for which they 
are not designed. 

It happens in the case of roof trusses that the 
calculated load is seldom realized, but this does 
not release the designer from the responsibility 
of making a consistent design. The case shown 
at (b), Fig. 14, is a truss supporting water tanks. 
Here every pound of the stress is there most of 
the time, and the use of such questionable de- 
sign, with its possible fatal -results, is utterly 
inexcusable. Enough imperfections will find 
their way into a structure without introducing 


point of the main support, and then the stresses 
are sometimes lost sight of. Figure 16, at (a), 
ought not to need any comment, but it is a very 
common style of sidewalk bracket design. It is 
hard to see how the few rivets in the floorbeam, 
which are generally only enough to carry properly 
the vertical load of that member, can_be ex- 
pected to take also the torsion due to the side- 
walk load. This is apart from the total inad- 
equacy of the rivets in the vertical stiffeners 
which are in tension. Another fault in this 
bracket is the failure of the top and bottom 
angles of the bracket to meet under the outside 
stringer. This gives large bending moments in 
these angles. 

Case 22. At (b), Fig. 16, is shown an absurd 
detail. The total vertical shear of the bottom 
brace of the sidewalk bracket would have to be 
taken by the lateral plate. A member as shown 
dotted would relieve this. 

Case 23. At (c), Fig. 16, is an astounding ex- 
ample of the lengths to which confidence in the 
strength of steel sometimes carries a designer. 
It is to be hoped that this is the result of ig- 
norance, but it is time that some good, whole- 
some instruction be given to those who are re- 
sponsible for such blunders. This is in a new 
viaduct carrying a wide sidewalk. The apparent 
strength of the sidewalk bracket for tension in 
the upper flange is thirteen rivets in shear. It 
can be seen, however, that if the heads pulled off 
four rivets, this bracket would fail. 

Case 24. Figure 17 is a sketch of the floor- 
beams of a through railroad girder-span. It is 
manifest that there should be enough rivets in 
the flange angles connecting to the web to take 
the full stress in the angles in the distance be- 
tween the girder and the stringer. It is often 
overlooked, however, that there should be enough 
rivets in the space d to take the full flange stress 
at the section xx. The flange stress at this sec- 
tion is just as definite a quantity as that at the 
stringer, and is sometimes as much as half of 
the latter. This is more especially apt to be a 
weak point in the design of a floorbeam in 
which the web-plate is counted upon to assist 
the flange. The plate cannot well be spliced for 
bending, and the angles must take the full flange- 
stress. 

Case 25. Typical of a large number of cases 
is the one shown in Fig. 18, a common way of 
splicing the flange-plate of a girder in the com- 
pression flange. A milled joint is depended upon and 
a perfunctory splice plate is used. In the figure 
the milled joint is shown open. It is more liable 
to be open than closed. If it is open the thick- 
ness of a sheet of paper, the entire stress is on 
the remaining parts*of the flange and cannot 
come on the joint. Where only a part of any 
member is spliced, there should be the full num- 
ber. of rivets and an equivalent area in the splic- 


ing parts, in a compression as w 
tension member. 

Case 26. In Fig. 19 is shown the 
heavy girder-span, one requiring a , 
on account of the long span and g: 
Naturally the load to be carried is 
will be seen that the webs of the 
are not only beyond the end stiffene, 
the girder, but also beyond the flar 
The bending moment on the plate 
bottom of the girder is very great. 
should be well under the stiffener ang 
a solid cast shoe should be used, givi 
ing directly on the pin. 

Case 27. This is shown in Fig. 2 
inclined posts of a bent having bat! 
there is a large force at the top tendi 
the caps together, and the same at tl 
tending to pull the bases apart. In 
neither of these forces is adequately pr. 


— 


EXPENSES OF THE CHICAGO DRAINAGE 


The total cost of the Chicago Drainag: « 


to Dec. 31, 1906, or rather the total ex, 
of the Chicago Sanitary District from t! 
its organization to the above date, 
$52,697,495, while the emergency funds 
in hand amounted to $473,704. The tot. 


were $53,171,199, of which $35,688,266 \ 
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In the 
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CANAL, 
inal up 
nditures 
time of 


aggregated 


nd cash 
receipts 
ere from 


taxes collected, and $17,030,000 from bonds, 


These figures are from the annual repo 


rt of Mr. 


I. J. Bryan, Clerk of the Sanitary District. The 


following is a summary of the statement 
penditures, and it may be noted that the 


of ex- 
bridge 


work amounted to about $5,373,953, or a little 


over 10% of the total: 


Total Expenditures of Chicago Sanitary District ty 
Dec, 31, 1906. 


River diversion, construction.... $1,000,186 
Bridge construction........... 142,486 
Main channel, construction...... 18,546,204 
Bridge construction........... 1,978,536 
Controlling works, Lockport..... 331,254 
Bridge construction........... 7,873 
Bridge construction........... 271,351 
Chicago River; dredging, docking, 
Bridge construction........... 2,817,048 
I. & M. Canal impt. at Bridgeport 77,016 
39th St. Pumping Station....... 211,605 
Impt. of Kampsville and 
Raising roadway of Brandon's 
Water power development....... 2,721,428 
Bridge construction........... 156,658 


Capitalization & maint. of bridges 403,355 
Maintenance of highway bridges 23,463 


Maintenance account .......... 175,979 
Interest on bonds and tax warrants........ 
Engineering department ........ $2,190,074 
Water power development....... 163,683 
Clerical department ............ 185,711 
1,097,216 
Treasury department ........... 44,459 
Police department .............. 413,128 
Land damages ........... 

Marine damages .......... 


Personal injuries account .... 
Bridgeport pumping works ........ 
Special Commission, Chi. D. Canal.... 
Telephone line and repairs 
Weir, McKechney & Co 


Emergency funds in hand, amounts due and 
balance in hands of treasurer............ 

Grand totai, expenditures and amounts 


LOCOMOTIVES OF THE 4-8-0 CLASS for 
3 ft. have been built for the Londonderry 
Swilly Ry., of Ireland, by Hudswell, Clarke 
Leeds, England. They have outside cylinders 


chaert valve gear, the second axle being the ° 
ing axle. The front drivers have blind or flanc 
and the engines can pass curves of 600 ft ra 


principal dimensions are as follows: 


Wheelbase, driving 
Wheelbase, total engine................... 2 
Heating surface, 


Weight of engine and tender................ 


$7,205,575 


28,838,161 


2 08 


602,797 
7, SOL 


72,170 


5,026,895 


$52,697,405 


473,74 


$53,171,199 
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YEA" WORK WITH TRICKLING SEWAGE FILT- 
prs AT LAWRENCE EXPERIMENT STATION. 

By H. W. CLARK.* 


Trickli>: * OF sprinkling filters are an outgrowth 
o¢ studi: nade during the past twenty years in 
regard + he bacterial purification of sewage. In 
the earl) Vawrence work, after the principles of 


success’. intermittent sand filtration had been 
thoroug! worked out, various filters of coarse 


materiai: were constructed. The changes that 
occurred sewage when passed through such 
filters re carefully noted and subsequently 
they we recorded in the reports of the station, 
of sixtes. and seventeen years ago. 


Filters of Broken Stone. 
In Juve, 1889, eighteen years ago, a filter of 
gravel -(ones was put into operation at the 


Lawrel Experiment Station, the stones used 
being of such size that they would pass through 
a screen “having a mesh %-in. sq., but not 


through a sereen having a mesh \-in. sq.’’f 
On the same date, another filter was constructed 
of coarse gravel, the stones being of such size 
that none “were less than %-in. in diameter nor 
more than 14% in.”$ Good nitrification occurred 
in these filters. In summarizing the results, Mr. 
Mills stated “that the purification of sewage by 
nitrification and the removal of bacteria is not 
to any essential degree mechanical but a chemi- 
cal change.” Also that “the experiments with 
gravel stones give us the best illustration of the 
essential character of intermittent filtration of 
sewage—the slow movement ofgthe liquid in 
films over the surface of the stones with air in 
contact.” 


In 1892, fifteen years ago, two gravel stone fil- 
ters were placed in operation in such a way that 
air was drawn down through the filters, and the 
rate of these filters, which were continued in opera- 
tion until 1898, was at times as high as 500,000 
gals, per acre daily. In 1895, two additional 
filters were constructed, one of gravel stone of 
the same grade as that used in the construction 
of the filters just mentioned, and one of good- 
sized pieces of coke. These two filters were also 
aerated by forced draft, the air being blown up 
through them. The average rate of filtration of 
each was 608,000 gals. per acre daily, and the 
rate for several months of their operation was 
1,000,000 gals.. per acre daily. In each of the 
four filters mentioned good nitrification occurred 
and the amount of artificial aeration was reduced 
from time to time until it approximated only 
about two hours out of each twenty-four. The non- 
putrescible character of the effluents was noted 
and discussed in the report of the Board for 
1895, page 469. In May, 1899, a filter was con- 
structed of 10% ft., in depth, of broken stone 
(see page 448, Report for 1899). Sewage was ap- 
plied at a rate of 2,000,000 gals. per acre daily 
and the filter was not artifically aerated. It was 
operated for seven months, only, but during that 
period produced a highly nitrified effluent with 


little odor and containing considerable free - 


oxygen. In November, 1899, Filters Nos. 135 and 
136 were constructed and put into operation. At 
the time of writing these filters have been in 
operation seven years and four months. At first 
they were 18 ft. in depth, but they were soon re~ 
duced to 10% ft. in depth (broken stone). They 
have received sewage at average rates of more 
than 1,500,000 gals. per acre daily. At times in 
past years, the rates have approximated 3,000,- 
0 gals. per acre daily and, at the time of writ- 
ing, Filter No. 136 is being operated at a rate 
of 4,000,000 gals. per acre daily. These filters, 
also, as in the case of all the filters subsequently 
mentioned in this article, have always been 
operated in the trickling or sprinkling manner 
and have not been artificially aerated. From 
‘ime to time other filters operated in this man- 
her have been started, 14 in all to date, and at 


‘Chen st of the State Board of Health of Massachu- 
‘tts, Boston, Mass., and in charge of the Lawrence Ex- 
periment Station. 

_UAlso commonly known as filters, which 
‘rm hes been used for several years by this Journal 
and is quite employed in England.—Ed.} 

tSee page Report of Massachusetts State 
are ot Health’ on ‘Purification of Sewage and Water, 


§See page 549, same report. 


the present time 7 such filters are being operated 
at Lawrence. In all this work at Lawrence, the 
adaptability of different filtering materials for use 
in the construction of such filters, the effect of 
different depths of filter and of different rates 
of filtration, have been carefully studied. In ad- 
dition, the quality of the effluents produced, 
judging by the usual analytical standards and 
by incubation or putrescibility tests, the char- 
acter of the sediment in the effluents, as com- 
pared with the sediment in sewage, and the 
degree and rapidity of clogging of the filtering 
material by the storage of retatned matters, have 
all been given due attention. The length of the 
period of operation now attained by several of 
these filters makes the Lawrence data upon the 
last point especially valuable. Eight broken 
stone filters have been operated as shown by 
Table I. 

It will be seen from Table I. that at the pres- 
ent time certain of the Lawrence trickling fil- 
ters are in their eighth year of operation, namely, 
Filters 135 and 136. Filters 117 and 134 were 
constructed of stone, practically all of which 
would pass through a sieve with two meshes to 
the linear inch and little or none through a sieve 
with a 4-in. mesh. Filters 1385 and 136, 247 and 
248 are constructed throughout their entire depth 
of stone, all of which will pass through a screen 
with one mesh to the linear inch, 40% through 
a screen with a %-in. mesh and about 4% through 
a screen with a 4%4-in. mesh. The stone in Filter 
247 contains a slight percentage more of fine 
material than that in the remaining three filters, 
and this slight difference has apparently had 
some influence in causing clogging in Filter 247, 
as will be discussed later. The stone in these 
filters, owing to the long narrow shaped pieces 
into which it breaks, appears to be somewhat 
coarser than these figures indicate. Filter 222, 
over Akron pipe and field stone underdrains, 
has about 7 ft. in depth of broken stone 
ranging from 1% ins. to 3 ins. in diameter. 
Filter 196, operated for only nine months, was 
constructed of 5 ft. 4 ins. in depth of stone as 
follows: At the bottom, 1 ft. of field stone 6 to 
8 ins. in diameter; above this, a layer 1 ft. in 
depth of similar stone, 4 to 6 ins. in diameter; 
then 1 ft. of stone 2 to 4 ins. in diameter; 1 ft. 
9 ins. of stone % to. 2 ins. in diameter; 3 ins. of 
stone none of which was over \%-in. in diameter; 
and over the surface 4 ins. in depth of a mixture 
of buckwheat coal and small pieces of coke. 

It will be seen from these statements that the 
size of material used in these stone filters has 
varied considerably in different filters and that 
the depth of filter studied has varied from 5 to 
18 ft. 

RATES OF FILTRATION AND SEWAGE 

APPLIED. 

The rates at which these different filters have 
been operated have varied from 1,000,000 to 
4,000,000 gals. per acre daily. The averages 
(Table I.) show practically the true rates of 
operation of Filters 117, 134 and 196 for their 
entire period of operation. Filters 135, 186, 247 
248 and 222, however, have been operated at 
fimes at rauch higher rates than the averages 
indicate. filter 135, for instance, was operated 
at a rate of 2,500,000 gals. per acre daily during 
1903. For the past two years the average rate 
of Filter 136 has been slightly more than 2,000,- 
000 gals. per acre daily, and at the present 
time, as before stated, it is 4,000,000 gals. per 
acre daily. Filters 117 and 196 received regular 
station sewage, so called; Filters 247 and 24, 
regular station sewage until October, 1906, since 


TABLE I.—NUMBER, DEPTH, RATE AND PERIOD OF 
OPERATION OF SPRINKLING FILTERS OF 
BROKEN STONE, LAWRENCE EXPERIMENT STA- 

TION. 


Number Depth of Average rate, gals. Length of 
of filter, 


per acre, period of 
filter. ft. daily. operation. 
117 10.5 2,000,000 7 mos. 
134 1,180,000 2 yrs. 2 mos. 
135* 10.5 1,531,000 7 yrs. 4 mos. 
136* 10.5 1,658,000 7 yrs. 4 mos. 
196 1,143,000 9 mos. 
222° 8 1,600,000 3 yrs. 8 mos. 
247° 5 1,170,000 3 yrs. 
8 1,210,000 3 yrs. 
*Still in operation. 


when they have received the supernatant sew- 
age after a period of sedimentation of station 
sewage. Filter 135 received station sewage dur- 
ing 1899, 1900, 1904, 1905 and 1906 until October; 
during 1901, 1902 and 1903 sewage that had been 
passed through a coal strainer was applied to this 
filter, and since 1906, supernatant sewage from 
station sewage after a period of sedimentation. 
To Filter 136, septic sewage was applied during 
1900, 1901, 1902 and 1903, but during 1904, 1905 
and 1906, until October, regular station sewage. 
Since October, 1906, supernatant sewage from 
allowing regular station sewage a period of sedi- 
mentation has been applied. Filter 222 has al- 
ways received Andover sewage that has passed 
through the settling tank at the Andover filtra- 
tion area—a strong, ill-smelling, almost septic 
sewage. ‘ 
QUALITY OF EFFLUENTS OBTAINED. 


Each and all of these filters have produced 
effluents containing nitrates. The nitrates in Fil- 
ters 135 and 136 have averaged over 2 parts per 
100,000 parts for their entire period of opera- 
tion, and have been greater during the past 
year, 1906, than in previous years, or 4.36 and 
3.65 parts per 100,000, respectively. This degree 
of nitrification has been obtained with Filter 
135, operating at a rate of 1,500,000 gals., and 
with Filter 136, at a rate of 2,000,000 gals. per 
acre daily. The nitrates in the effluent of Fil- 
ter 248, 8 ft. in depth, have averaged 1.71 parts 
per 100,000, and in the effluent of Filter 247, 
5 ft. in depth, .60 parts per 100,000. These filters 
have been operated at average rates of 1,210,000 
and 1,170,000 gals. per acre daily. Filter 196, 
constructed of 5 ft. 4 ins. in depth of the coarse 
materiai described previously, and operated at 
a rate of 1,143,000 gals. per acre daily, produced 
an effluent containing :61 parts per 100,000 of 
nitrates, and Filter 222, also constructed of 
coarse stone, and operating at a rate of 1,500,000 
gals. per acre daily, has produced an effluent 
containing an average of .54 parts nitrates per 
100,000. 

Throughout all this work incubation tests have 
been made to show the stability or non-stability 
of the effluents. The effluent of each filter has 
contained a large percentage of the organic mat- 
ter in suspension that was present in the ap- 
plied sewage, but with this organic matter freed 
from most of its easily putrescible bodies. For 
example: the effluents of Filters 135 and 136 
have contained 37 and 48%, respectively, of the 
organic matter in the applied sewage, determined 
as albuminoid ammonia; the effluent of Filter 
247, 55%.; the effluent of Filter 248, 82%, and 
the effluent of Filter 222, 64%. 

Owing to the oxidizing condition existing in 
these filters, this residual matter has been stable, 
when the rate of operation of the filter has been 
properly adjusted to its depth, to the quality of 
the filtering material and the strength of the 
sewage applied. The effluents of Filters 117 and 
134 were almost invariably non-putrescible, or, 
in other words, stable. Filter 196, 6 ft. in depth, 
constructed of the graded coarse material pre- 
viously described, and operated at! a rate of more 
than 1,000,000 gals. per acre dally, produced an 
effluent that putrefied at least 75% of the time. 
At least 98% of the samples of effluent collected 
from Filters 135, 136 and 248 have been non- 
putrescible, and about 75% of the samples from 
Filter 247—constructed of the same grade of ma- 
terial as the filters just mentioned, but 3 ft. less 
in depth than Filter 248 and not quite half as 
deep as Filters 1385 and 136, have also been non- 
putrescible. At least 98% of the samples of 
effluent of Filter 222 have been non-putrescible, 
notwithstanding the high organic content of the 
effluent and the coarseness of the material of 
which the filter is constructed. It has been 
noticeable that a stable effluent has been often 
produced by this filter, even when nitrates were 
not present in the effluent. 

During 1906, samples of the effluent of all 
trickling filters in operation during that year 
were incubated as usual. Duplicate samples 
were taken of each effluent after the removal 
of much of the matters in suspension by three 
hours’ sedimentation; and also samples of the 
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entire effluent (effluent containing sediment), 
mixed with equal volumes of tap water (the 
drinking water of the city of Lawrence). None 
of these samples, with the exveption of 22% of 
those from Filter 247, only 5 ft. in depth, putre- 
fied with five days’ incubation, and 82% of the 
samples from No. 247 that putrefied did so even 
after the suspended matters were removed, and 
36% when mixed with equal volumes of tap 
water. 

Many investigations and experiments on the 
keeping qualities of trickling filter effluents and 
on the changes occurring when such effluents are 
mixed with sewage or water and on their be- 
havior under various conditions have been made. 
©ne such characteristic experiment was as fol- 
lows: Duplicate’ samples of the effluents of Fil- 
ters 135 and 247 and of a good tap water were 
each mixed with 5, 10, 25 and 50% by volume of 
sewage, respectively, and incubated. At the end 
of a week, all mixtures of the effluent of Filter 


TABLE Il.—AVERAGE ANALYSES OF APPLIED SEW- 
AGE AND OF SPRINKLING FILTER EFFLUENTS, 
LAWRENCE EXPERIMENT STATION. 

(Parts per 100,000.) 
SEWAGDB APPLIED TO FILTER 135. 
-~Ammonia.— —Kjeldahl— 
Albumin’d, nitrogen. 


247 had become darker in color and those con- 
taining 25 and 50% of sewage were black on ac- 
count of the formation of sulphides; the mixture 
of the highly nitrified effluent of Filter 135 with 
sewage remained unchanged in appearance, but 
that containing 50% by volume of sewage had 
developed a fairly strong sour odor; all of the 
mixtures of water and sewage had, at the end 
of this period, a strong and decided sewage odor, 
and that containing 50% by volume of sewage had 
begun to blacken. The explanation of the better 
quality of the mixture of effluent of Filter 135 
and sewage than of tap water and sewage is, of 
course, that the effluent contained high nitrates 
in addition to its free dissolved oxygen, and the 
oxygen of the nitrates was available for keeping 
or purifying purposes. 

Average analyses of the sewage applied to and 
the effluents of Filters 135, 136, 196, 222, 247 
and 248 are given in Table II. 

CHARACTER OF SEDIMENT IN EFFLUENTS. 

Many examinations of the sediment in the 
effluents have been made and described in the 
various reports of the past six years. Tables 
III. and IV. illustrate the difference between this 
sediment and that of untreated sewage. 


STORAGE OF MATTER IN FILTERS. 


d 
Up to the present time, none of these filters, 
3 of ee er Z RES with the exception of No. 247, has given trouble 

Year. from stored matters, either organic or mineral. 

19o 641 85 29 O72 89 9.70 208 Strained sewage Filters 135 and 136 have stored practically only 

1902 5.31 .36 .25 0.74 51 850 2.12 “eee 2.5% of the organic matter in the sewage ap- 

1903 4. .89 .24 0.80 .49 2.90 wis = 

1904 5.15 .95 .47 1.83 .87 12.31 4.86 Regular sewage plied and are as open and pass sewage as freely 

1905 2.98 .47 .25 0.92 a hte rd a = now as when put into operation. Filter 247 has 

clogged so badly that the filtering material had 
oe SEWAGE APPLIED TO FILTER 136. to be removed and cleaned, this being due partly, 

4.67 .88 .22 0.68 .45 9.74 2.45 Septic sewage %8 before stated, to the somewhat finer stone in 

1901 5.98 .89 .29 0.80 59 8.73 to “ co this filter and partly to clogging by fatty mat- 

ters, owing to experiments upon the disposal of 

1904 5.15 .95 .47 1.83 .87 12.31 4.86 Regular sewage such matters added to the applied sewage. Ex- 

amination of the filtering materials for the de- 

Av. 4.50 .50 0.99 58 10.60 3.36 
YEARLY AVERAGE ANALYSES OF THE EFFLUENTS OF FILTERS 135 AND 136. 
FILTER 135. 
Quantity ap- (Parts per 100,000.) 
plied, gallons Am monia. =~ Oxy- 
racre dy. —Appearance.— Albuminoid. -—Nitrogen as-— gen 

fe 6 daysin Turbidi- In Kjeldahl Chlor- Ni- Ni- con- 
Year. a week. ty. Color. Free. Total. solution. nitrogen. ine, trates. trites. sumed. 

*1899-1900 899,900 eee 1.12 8.4353 -1606 .1049 .2897 7.64 0.23 1.42 
1900 1,804,900 os 0.64 2.6212 -2080 .1448 8752 10.54 0.45 ost 1.33 
1901 1,406,900 eee 0.81 3.1645 2228 -1353 .4019 9.44 2.40 O1 1.57 
1902 1,817,400 soe 0.52 1.7452 0856 -2510 8.61 2.76 1.08 
1903 2,398,600 ees 0.67 1.6000 1473 . 9. 1.47 .0107 1.37 
1904 1,150,400 8.0 0.57 0.7047 -1143 5212 11.17 2.95 J 2.30 
1905 1,304,000 4.5 0.86 0.7173 2158 oS a 8. 38.47 1.69 
1906 1,469,100 4.7 0.50 4437 .1422 12.60 -0061 2.03 

Av. 1,531,400 5.7 0.71 1.7915 2020 -1158 .8592 9.64 2.26 .0083 1.59 
FILTER 136. 

*1899-1900 747,600 0.58 8.4273 1646 1 0.16 0170 1.20 
1900 1,004,700 0.58 1245 1131 810.41 2.20 0179 1.08 
1901 1,402,700 oon 0.82 3.4153 1 .1344 f 2.00 J 1.67 
1902 1.809,100 ts 0.60 2.3553 1930 -1050 3483 9.06 2.66 .0091 1.36 
1908 2,257,300 ~. 0.66 1.6565 2161 .1027 d 1.91 0089 1.84 
1904 1,938,000 10.5 0.68 1.3883 -1509 11.06 2. 2.39 
1905 2,082,000 6.4 1.14 1.2855 2911 1256 5161 8. 2.19 0102 2.26 
1906 2,099,200 75 0.58 0.8316 3481 1952 6452 12.73 3. -0004 2.83 

Av. 1,667,600 8.1 0.70 2.0728 2381 -1292 4305 9.70 2.10 0113 1.83 


@Nov. 28-April 15. tApril 16-Dec. 31. 


AVERAGE ANALYSES OF SEWAGE APPLIED TO 
FILTERS 247, 248 AND 222 DURING THEIR EN- 
TIRE PERIOD OF OPERATION, 


FILTER 247. 
(Parts per 100,000.) 
—Ammonia.— —Kjeldahl— 


termination of stored matter have given the re- 
sults shown by Table V. The table shows that 
at the time of examination Filters Nos. 135 and 
136 had stored within them slightly more than 


Albumin’d, nitrogen. %-lb. of solid matter per cu. ft. of filtering 
4 8s material; Filter No. 248 only %4-lb., while Filter 
= 2s = RS No. 247 had stored 214-lbs. per cu. ft. of 
38 4.12 E "9 4130 69 1104 4.21 1.566,655 filter. Of this stored matter, from 50 to 60% 
FILTER 248 was organic, from 3.5 to 4.8% nitrogen, from 
58 4.11 .69 .89 132 .69 10.97 4.25 1,566,655 22.5 to 28.5% carbon, and from 3.8 to 5.8% fat 
FILTER 222. or-fatty matter. — 
64 867 .38 -.... 5.72 3.03 1,618,825 
AVERAGE ANALYSES OF THE EFFLUENTS OF FILTERS i196, _ 248 AND 222 DURING THEIR ENTIRE 
PERIOD OF OPERATION 
FILTER 196. 
Quantity (Parts per 100,000.) 
applied, 
gals. per Temp., Ammonia.— ~ 
acre dy. deg. F. Appearance, Albuminoid. Oxygen 


for6 days Sew- EM u- Tur- 


inaweek. age. ent. bidity, Color. Free, Total. 


1,142,600 61 59 cove” 2.4760 -2926 


FILTER 247. 


1,149,833 56 C62 10.2 .79 2.5799 -8859 
1,188,466 56 10.2 .73 2.6677 5677 
52 


1,446,933 51 27 2.7640 8857 


Insolu- Chlor ——Nitrogen as—— 
tion. ine. Nitrates. Nitrites. enmnet. 


Bacteria 

perc. 
-1170 9.52 0.61 0202 2.06 245300 
-2236 11.08 0.62 0205 2.56 334533 
-2428 1.77 0356 3.35 245600 
-2148 6.03 0.53 TT8866 


Vol.s7. 1 
SURFACE CLOGGING 

Twice during the operation of thes: ..,, Sur 
face clogging has occurred, once in tr }», 
on account of an enormous grow: 4; ,,.. 
worms in the upper few inches of filterin 
material, and once in Filter 222, by wien 
of an amdorphous jelly-like mass bacteri, 
Filter 135 was put out of operatio: |; 
days and the worms largely died. hey Mi 
doubtedly could have been elimi. 
quickly by the use of a germicide, ; as co : 
per sulphate, and this salt was appli {yo Pum 
222, at the time of clogging, in Sewage 
passed to the filter, and the growth quickly 
killed and disappeared, the filter c. nuing tn 
good operation. 
METHOD OF APPLICATION OF EWAGE 
Upon these experimental filters, © rying ;, 
area from */2000 to "/e0 of an acre, sewage 
has generally been passed by the us of ayto. 
matic tipping basins, as the object o: /perating 


most of these filters was not to stu’ the bes 
method of applying sewage to large | ‘crs of a 
similar kind, but to study the results hat coy); 
be obtained with such filters receivin.. properly 
distributed sewage. During the past . «ar, hoy. 
ever, methods of application by sprin'Jing 
zles, dash plates, etc., have been investi: ated, py: 
cannot well be described fully here. 

To Filter 222 (*/mc-acre) the sewage is passoj 
at the present time and has been for ejsht or ten 
months, in the following manner: At one sgije 


TABLE III.—ANALYSES OF SEDIMENTS Fi OM SE SEW. 
AGE AND EFFLUENTS OF FILTERS 135 AND 136 


Sedime at of filter. 
Sewage 
sediment. No. 135 “No. 1 136, 
Per cent. of total nitrogen 
2.37 1.37 1.41 
Per cent. of nitrogen deter- 
mined as albuminoid am- 


55.00 51.00 55.30 
Albuminoid parts 

ene 1,575.00 851.00 952.00 
Loss on ignition, * per cent. 

58.50 27.60 31.50 


TABLE WATER AND SED- 


(River Water -2 gram of Sedi- 
ment and 4,000 c. c. of Water in Each Case.) 
Dissolved oxygen at 
end of five days; 
per cent. saturation. 


River water at end of five days....... 90.0 
Filter 135 sediment and river water. : 100.0 
Filter 136 sediment and river penned 76.0 
Sewage sediment ..... 1.5 


TABLE V.—POUNDS OF MATTER STORAD PER 
CUBIC FOOT OF FILTERING MATERIAL, AND 
ANALYSES THEREOF, FILTERS 135, 136, 247 
AND 248. 

(Per cent. by weight.) 
Ammonia. 


r 


§ ¢ 2232 & 
135 0.53 .20 2.04 4.00 2847 3.79 55.0 40: 
136 0.54 (23 217 4.76 31.24 391 602 15: 
247 2.28 01 145 3.76 22.49 3.71 50.7 5.7 


*Including free ammonia. 


TABLE VI.—MAXIMUM AND MINIMUM ‘TEMPER: 
ATURES, IN DEGREES FAHRENHEIT, AT THE 
LAWRENCE EXPERIMENT STATION. 


(Day Ending at 8 a. m.) 


Day of -Dec., 1906. -—Jan., Feb., 197.5 
month. Max. Min. Max. Min Me aX. Min 
1 45 7 47 32 
2 26 9 41 21 42 B 
3 32 0 51 24 
4 17 8 63 29 0 5 
5 33 («15 42 24 13 3 
6 46 26 42 26 -7 
7 31 —5 53 8 4 
8 13 31 77 
9 17 +10 40 4 27 3 
10 34 17 34 5 5 @ 
11 26 4 42 2 9 =3 
12 23 6 38 «(16 13 <4 
13 | 8 619 0 
14 31 34 20 9 
15 45 29 38 2 33 8 
16 38 13 —10 
17 85 17 14 
18 23 0 380 28 8 
19 25 2 46 45 3.2 
20 3 13 53 20 9 2 
21 87 27 23 8 26 4 
22 38 23 29 0 5 -2B 
23 24 il 10 —11 
24 7 --10 5 of 
. 2 21 17 14 5 33 0 
26 30 12 22 -6 5 
27 42 23 22 0 2 «8 
28 39 2 —1 5 8 
29 44 26 2 - 
81 36 84 22 1 
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of ¢ filter is an automatic fiush tank into 
wh . @ stream of sewage runs continuously. 


WwW! » filled the tank is emptied by a siphon into 
a. 1 of distributing pipes placed over the filter. 
Th) > pipes contain orifices %-in. in diameter. 
Th top of the flush tank is 41 ins. and its bot- 
tor is 8 ins. above these outlets. One inch be- 
lo. cach outlet’'and 12 ins. above the surface of 
th: filter are dash plates on supports. These 
da plates are 2 ins. in diameter and have their 
ed .s turned up at an angle of 45°, making a 
sii t rim %4-in. wide. As the sewage strikes the 
de plates, it is thrown (see Figs. 1 and 2) in a 
th umbrella-shaped sheet and breaks into a 
spy covering an area about 5 ft. in diameter. 
As the tank empties and the head becomes less, 
th circle becomes more and more contracted 
ur ol finally the whole circle has received sew- 
ac . The flush tank in use is of such size that 
wl n the filter is operating at the rate of 2,000,- 
(«»! gals. per acre daily it empties once every 9 
m .utes, 2 minutes being required for the tank 
to empty. With this apparatus, about 90% of the 
filer surface is well sprinkled. 
TRICKLING FILTERS IN WINTER. 

During the winter of 1906-7, Filter 222 re- 
ceived sewage by the method just described at 
a rate of 2,000,000 gals. per acre daily. The win- 
ter has been very cold in New England, and at 
the Lawrence Experiment Station, about two 
miles from the Andover filtration area, at which 
this filter is located, the temperature has been 
as given in Table V. Records from the lo- 
cality of the filter show a somewhat lower aver- 
age temperature. 

During this period, from 55 to 60 ins. in depth 
of snow fell, and of this total depth, about 50 
ins. fell between Jan. 12 and Feb. 24, snow fall- 
ing on 17 days during this period. During nearly 
all this period, however, the distributing appa- 
ratus worked as well and as successfully as dur- 
ing warm summer weather. At times, however, 
during the winter, one or more of the seven out- 
lets became clogged with floating matter in the 
sewage and froze, but this clogging occurs in 
warm weather occasionally; at such times the out- 
lets or orifices have to be cleaned. Occasionally, 
also, clogging occurs in the supply pipe, etc., and 
the filter may remain out of operation for a num- 
ber of hours. During the coldest weather all 
outlets worked satisfactorily and freezing did not 
occur unless the orifices first became somewhat 
clogged. The greatest trouble on this account 
was from Feb. 3 to 13, inclusive. While snow 
at times accumulated on portions of the filter 
and the area upon which sewage was distributed 
became lessened, still a considerable circle around 
each outlet was kept free by the sewage, as 
shown by the accompanying reproduction of a 
photograph, and the filter remained in good 
operation. Records of December, January and 
February are given in Table VII. 

Filters of Clinker and Broken Brick. 

Besides the stone filters already described, con- 
siderable experimental work has been done with 
filters of clinker and broken brick, these ma- 
terials being selected, especially the former, as 
representative of waste materials that might be 
utilized for the construction of sprinkling filters, 
and which are utilized in England. One filter of 


TABLE VII.—CARETAKER’S NOTES ON OPERATION 
— FILTER NO. 222, WINTER OF 


Applied 
sewage. Effluent. 
Average temperature, Deg. ve Dec., 1906. 46 44 
Average temperature, Deg. F., Jan., 1907. 42 41 
— temperature, Deg. F.; Feb., 1907. 40 38 


Deed 29. Settling tank emptied. Filter stopped three 
hours. The remainder of day filter ran as 
usual, but registering device had become 
clogged with sludge. 


Jan. 7, 4p. m., to Jan. 9, 4 p. m., sewage running at 
same rate as usual, but supply pipe was partly 
clogged and siphon did not work eee oid bra. 

Jan. 18. Settling tank emptied. Filter sto 

Feb. 1. Settling tank emptied. Filter 

Feb. 8. 8 outlets stepped. 

Feb. 4. 1 outlet stopped. 


Feb. 5. 1 outlet stopped 

Feb. 6. 1 outlet stopped. 

Feb. 7. 1 outlet stopped. 

Feb. 9 1 outlet stopped. 

e oul 

Feb, 22 Beltline emptied. Filter closed 2% 


broken brick has been operated and four of 
clinker. The broken brick filter, known as No. 
189, was constructed of 10 ft. in depth of pieces 
of broken brick about 2 ins. in diameter, was put 
into operation in May, 1902, and continued until 
May, 1904, or a period of two years. Raw un- 
treated sewage was applied to it at an average 
rate of 2,100,000 gals. per acre daily. Good nitri- 
fication occurred in this filter, the average 
nitrates in its effluent averaging over 1 part per 
100,000, but its effluent was putrescible fully 80% 
of the time. (See Table VIII. for analyses.) 


The four clinker filters were known as Nos. 233, 
234, 235 and 236. Filters Nos. 233 and 234 were 
constructed of pieces of clinker varying in di- 
ameter from % to 1% ins., while Filters Nos. 235 
and 236 were constructed of pieces varying from 
% to %-in. in diameter. Filters Nos. 233 and 
235 were 5 ft. 9 ins. in depth, while Filters Nos. 
234 and 236 were 3 ft. 10 ins. in depth. These 
filters were first put into operation on Jan. 1, 
1904. Filters Nos. 234 and 236 were continued 
for 13 months only, while Filters Nos. 233 and 
235 are still in operation. Regular untreated 
station sewage was applied to Nos. 234 and 236 
during their entire period of operation, and to 
Nos. 233 and 235 until late in 1906, since when 


Fig. 1. View of Sewage Sprinkling Filter No. 222, 
Andover, Mass., Jan. 28, 1907. 


settled sewage (regular sewage subjected to a 
period of sedimentation) has been applied. 

The average rate of operation of these filters 
has been a little less than 1,000,000 gals. per acre 
daily. All of them have produced well-nitrified 
effluents, the best nitrification occurring, as 
would be expected, in the filters of the finer ma- 
terial. At least 95% of the samples of effluent 
of Nos. 233 and 235 have been non-putrescible 
and about 80% of the samples of Nos. 234 and 
236. Filter No. 233 has stored within it about 
4-lb. of matter per 1 cu. ft. of filtering ma- 
terial, while Filter No. 235, of finer material, 
has stored three times as much matter, or 1.2 
lbs. per 1 cu. ft. of filtering material. (See Table 
VIII. for analyses.) 


Conclusions. 

When the writer first began to operate the 
filters described in this article, he called them 
intermittent-continuous filters, and if named 
occording to the ‘manner of filtration rather 
than the method of application of sewage, that 
early name was entirely reasonable, as sewage is 
passing through them continuously, but so in- 
termingled with air, owing to filter construction 
and rate of application, that the aerobic con- 
ditions prevailing in intermittent filters are al- 
ways maintained within these filters. “Slow 
movement of the liquid in films over the surface 
of the stones with air in contact js the essential 
characteristic of intermittent filtration of sew- 
age,” as Mr. Mills said nearly twenty years ago. 
The main difference between sprinkling filters 
and intermittent sand filters is that owing to the 
size of the open spaces between the particles of 
filtering material in the sprinkling filters, much 
greater rates can be maintained and still allow 
the free entrance of air. 

Sprinkling filters are not a substitute for sand 
filters, which remove practically all the matter 
in suspension in sewage, but are simply devices 
for the quick oxidation of the putrefying mat- 


ters in sewage while allowing the larger body of 
Stable or slowly decomposing matters to pass 
along with the effluent. 

The results given in this article show that with 
filters 10 or 11 ft. deep, constructed of suffi- 
ciently fine material, and operated with such 
Sewage as is used at Lawrence, rates of at least 
2,500,000 gals. per acre daily can be maintained 
and result in good nitrification and in the pro- 
duction of an almost invariably non-putrescible 
effluent, but an effluent containing much of the 
residual organic matter in suspension that is 
strained out by sand filters. In some places such 
an effluent could undoubtedly be allowed to flow 
away without further treatment, but such an 
effluent, owing to local conditions, would often 
need further treatment, such as sedimentation or 
sand or mechanical filtration. With lesser depths 
of filter, the rates must be materially decreased 
if as good results are desired, as is shown by 
Filter No. 247. In order to obtain non-putrescible 
effluents at high rates of filtration, fairly good 
nitrification is generally necessary, judging from 
the Lawrence results, and a filtering material 
not coarser than that of Filter No. 222 should be 
used. 

It is possible when sewage has received pre- 
liminary treatment, as by sedimentation or septic 
tanks, to increase this rate materially. At pres- 
ent, Filter No. 136, operating at a rate of 4,- 
000,000 gals. per acre daily and receiving a 
strong sewage, but one with much of the matter 
in suspension first removed by sedimentation, is 
giving a well-nitrified and generally non-putres- 
cible effluent. Filters of material of as large 
a size as that of Filters Nos. 189 and 196 failed 
to produce non-putrescible effluents when receiv- 
ing untreated sewage at the rates described, al- 
though considerable nitrification was accom- 
plished by them. If they had received sewage 
such as is now being applied to Filter No. 136, 
much better results would undoubtedly have 
been obtained, but it is, of course, a fact that 
the larger the pieces of filtering material the 
quicker the passage of sewage through the filter, 
other things being equal—hence the less effi- 
cient the purification. These filters of coarse ma- 
terial (Nos. 189 and 196) allowed not only the 
liquid to flow through quickly but also allowed 
a too ready passage of the matters in suspen- 
sion in the applied sewage, and because of this, 
the sediment in the effluent much more closely 
resembled sewage sludge than the residual mat- 
ter appearing as sediment in the effluents of the 
more efficient filters. Filters Nos. 135 and 136, 
when receiving untreated sewage at rates equal 
to that of Filter No. 189, produced effluents 
stable 98% of the time. 

Through such material as was used in the con- 
struction of Filters Nos. 135 and 136, sewage 
will pass at the rate of about 2% ft. per hour 
when a rate of 1,000,000 gals. per acre daily is 
maintained, and this rate of progress can be 
tripled in deep filters without materially de- 
creasing the efficiency of purification. This fol- 
lows with deep filters only, however, and is so 
because the degree of purification obtained by 
sprinkling filters increases rapidly as the depth 
of filtering material increases, whatever the rate 
of operation. With broken stone filters, not over 
5 ft. In depth, as Filter No. 247, doubling the 
rate practically decreases the efficiency of puri- 
fication sageetlsenigs Through filters of material 


TABLE VIII.-AVERAGE ANALYSES OF THE EFFLU- 
ENTS OF FILTERS NOS. 189, 233, 234, 235 AND 
236 DURING THEIR PERIOD OF OPERATION. 


(Parts per 100,000.) 


Quantity -—Ammonia.—— Nitrogen as 
isaven. i 8", 6. 82 
FILTER NO. 189 (BROKEN BRICK.) 
2,008,700 .90 2.5438 .4163 .1631 9.44 118 .0829 2.54 
FILTER NO. 233 (CLINKER.) 
963,900 .77 1.9564 .2361- .1608 10.21 1.50 .0316 2.36 
FILTER NO. 234. 
949,000 .88 3.4225 .4707 .2431 10.16 0.73 .0768 2.80 
: FILTER NO. 235 (CLINKER.) 
964,400 .67 1.5201 .2916 .1264 10.64 2.05 .0878 2.20 
FILTER NO. 236 (CLINKER.) 
908,900 .77 3.5721 .4411 .2254 11.18 0.50 .0127 2.48 
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such as that in Filters Nos. 189 and 196, sewage 
moves about 6 ft. per hr. when such filters are 
operated at the rate of 1,000,000 gals. per acre 
daily. Of course, a portion of the sewage travels 
faster than the main body of sewage, as pointed 
out by Mr. Mills in his studies of sand filters 
twenty years ago. Through clinker filters sew- 
age travels more slowly, rate for rate of surface 
application, owing to the roughness of the ma- 
terial, and the fact that owing to this roughness 
greater surface area 
is presented than 
with equal-sized 
pieces of broken 
stone. This causes 
such ’ filters to be 
more efficient, depth 
for depth, than fil- 
ters of stone. 
Through clinker fil- 
ters constructed of 
clinker having diam- 
eters approximating 
the stone in Filters 
Nos. 135, 136, etc., 
sewage progresses at ! 
a rate somewhat ¥ 
more than one-half 

the rate in the stone 

filters, when the 

rates of application 

to the filter surface "¥.,, 
are equal. This ad- 

vantage, then, is 


with the clinker, but Fig. 2. 
the obvious disad- Sewage Sprinkler, Ex- 
vantages are the ul- perimental Filter, 


timate breaking Andover, Mass. 


down of this material and the fact’ that 
only a limited quantity is available in given 
localities, while stone can almost invariably be 
obtained. The indications are, moreover, that 
retention of applied matter and clogging are more 
to be feared with clinker than with broken 
stone filters. The degree of nitrification obtained 
increases rapidly as the depth of the filter in- 
creases. Rate for rate, other things being equal, 
filters 10 ft. in depth will produce effluents con- 
taining at least four times as high nitrates as 
filters § ft. in depth, or, in other words, doubling 
the depth of material increases the degree of 
nitrification four-fold. This has been continually 
demonstrated by the Lawrence filters. An in- 
crease of 50% in depth will with some filter ma- 
terials increase nitrification at least three-fold. 
Judging by non-putrescibility tests, filter effi- 
ciency does not increase so strikingly with in- 


Victoria 


creased depths of filter material, but, neverthe- 
less, increases rapidly. 

As to methods of application of sewage, the 
writer believes that the device in use at the 
Andover experimental filter of the Board (Fig. 2) 
is simpler than sprinkling nozzles and that the 
flusk tank and siphon method of operation causes 
more éven distribution than can otherwise be 
obtained. The dash plates could, of course, if 
thought desirable, be attached to the distribu- 


tion pipes and be suspended below the orifices 
instead of being placed upon the small posts. 

Judging from the results of the past winter, it 
is feasible to operate such filters, even in lo- 
ealities where the winter temperature is similar 
to that of eastern Massachusetts. A filter of 
considerable area would need constant attention 
in winter in order to keep all its distributing 
devices working, but these devices require much 
attention in summer, as shown by the operation 
of large English plants. 


THB TUNNELS UNDER THE SEINE FOR THE METRO- 
POLITAN RAILWAY AT PARIS. 
By R. BONNIN.* 

The Metropolitan Railway of Paris, which con- 
nects the Porte de Clignancourt with the Porte 
d'Orléans, crosses under the two arms of the 
Seine between the stations of Chatelét and 
Place St. Michel by means of compressed-air 
caissons submerged underneath the bed of the 
river. Engineering News, in its issue of Feb. 
15, 1906, has described these caissons, together 
with the method of sinking them. It is our in- 
tention in this article to complete this descrip- 
tion and to give some notes on certain additional 
very interesting work which was not described 
in the preceding article, this latter work having 
taken place after the publication of the article. 

As shown in Fig. 1, the larger arm of the 
Seine is crossed by means of three submerged 
caissons of nearly the same length (118, 125.9 
and 141.7 ft. respectively) and the smaller arm 
by means of two caissons having each a length 
of 65.9 ft. These caissons were all sunk with 
a distance of 4.92 ft. between their ends, which 
space was afterwards filled by means of an 
“enveloping caisson,” connecting adjacent cais- 
sons and forming one continuous tunnel from 
bank to bank. It is this “enveloping caisson” 
with which this article principally , deals. 

Before describing the processes employed: to 
obtain the junction of these caissons, some pre- 
liminary observations are necessary. As it was 
impossible to sink the first caissons following the 
designed line in an absolutely rigorous manner 
it was necessary to take account of the differ- 
ences in alinement produced during the operation 


e and f which face each other between - ns 
1 and 2, 2 and 3 and 4 and 5, respective), 
closed, as shown in Fig. 2, by means o: 
porary plate diaphragms, filled with co t 
These diaphragms were built square ac; ¢ 
the level of the top of the tunnel invert 
size large enough to sustain a concrete ll 
in plan 3.94 long and with a‘ width of 
ft., the total width of the submerged caiss 
Under the larger arm of the Seine, © 
No. 1 is provided, on the shore side, with a 
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Fig. 2. Diagrammatic Elevation and Isometric View 
of Tunnel Caissons of Tunnels Under the Seine 
at Paris. 


fitted with a temporary bulkhead, into which 
the shield of the subterranean tunnel fits. This 
temporary bulkhead is removed after the shield 
work is carried into the recess. Caisson No. 3 
is connected with the vertical elliptical shaft 
at the Station de la Cité by a similar device. 
This same method fs also used at all other junc- 
tions of the tunnel with stations except that in 
the other cases the work is not obstructed by the 
river, and is therefore made much easier. Under 
the smaller arm of the Seine, Cassion No. 4 is 
provided on the side of the city with a similar 
recess into which the shield at Section N joins. 
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FIG. 1. MAP SHOWING ROUTE OF TUNNELS UNDER THE SEINE FOR THE 


METROPOLITAN 


of sinking the caissons under the river. The 
subaqueous tunnels were therefore given a 
width somewhat larger than the ordinary sub- 
terranean tunnels to which they connect (23.94 
ft. instead of 23.29 ft.). In reality, during the 
sinking of the caissons, the difference in aline- 
ment never exceeded 0.53 ft., which kept within 
the excess of 0.65 ft. allowed. 

The extremities @ and }b (Fig. 1), c and d and 


*61 Rue Louis Blanc, Paris. 


RY. AT PARIS. 


Then Caisson No. 5 is connected to the s:b- 
terranean tunnel which adjoins it and wich 
is constructed by a freezing process not ‘«- 
scribed in this article. 

We will now return to the three joints un <r 
the river between Caissons 1 and 2, 2 and 3, and 
4 and 5. At each joint two caissons have b <n 
sunk separated by a bamk of earth 4.92 ft. 10s 
between the two diaphragms. Through this 
the tunnel section has to be bored. On each = i¢ 
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of ecaissons at this point a temporary cais- 
= ‘ig. 4), 13.12 ft. long, 5.74 ft. wide and 
o- «. high Is sunk. Of the height 6.23 ft. is 
“8 dj for a working chamber, the roof of 


w is formed by very heavy iron beams con- 
n by an iron plate work placed underneath 
t! cams on account of the direction of the 
pl re. Each temporary caisson is furnished 
"W . single outlet shaft serving at the same 
t for workmen and material. The upper work 
0 . caisson shaft is made up of rectangular 
; poxes, strongly braced against water pres- 


! 
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Fig. 3. Perspective Showing Manner of Enclosing 
Space Between Tunnel Caissons in Tunnels 
Under the Seine at Paris. 


sure by tie-rods and diagonals. In lowering, 
these boxes are filled with water as they descend, 
or if this is insufficient weight, with stone. 

The temporary caissons are lowered by means 
of compressed air until the level of the ceiling 
of the working chamber of the large caissons is 
reached, that is to say, to 42.21 ft. below mean 
water. The depth of the water at this point 
being about 16.4 ft. in general, they have but 
a space of 25.81 ft. to traverse in earth. The 
two lateral temporary caissons, having reached 
the depth which we indicate on the left-hand 
side of Fig. 4, are lifted progressively by means 
of a windlass, leaving underneath them a mass 
of masonry of the same dimensions, which has 
been constructed under the working chamber as 
the caisson is raised, and which is leveled up to 
the same level as the concrete wal!s before men- 
tioned, which surmount the end partitions of the 
caissons in Fig. 3. It is estimated that 50 tons 
of initial effort is necessary for the raising of 
each caisson. The central core is now com- 
pletely isolated by four walls formed by these 
two lateral masses of masonry and by the two 
partitions at the ends of the large caissons. This 
leaves, about 1.97 ft. below the bed of the Seine, 
a surface which after being leveled up is ready 
to receive the open cofferdam next described. 

This cofferdam (Figs. 6 and 7) is 36.08 ft. long 
and 9.84 ft. wide and is built entirely of iron. 
Its total height is 6.90 ft., of which 5.90 ft. is 
reserved for a working chamber’ and 1 ft. for 
the ceiling, which is made of beams spaced about 
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Fig.6. Transverse Section. 
FIGS. 6, 6, 7. COFFERDAM SUPERIMPOSED OVER JOINTS BETWEEN CAISSONS IN TUNNELS 


1.8 ft. c. to c. and supported at their ends by. 


brackets. Owing to the nature of the pressure 
on it, the sheet-iron forming the roof is. placed 
on top of the beams instead of underneath, as in 
the previous caissons mentioned. Two shafts 
are: carried from the working chamber to the 
surface and the work below is carried on in the 
open air carried through these shafts. Around 
its entire lower perimeter the cofferdam is pro- 
vided with a projection of 0.66 ft. in which is 
placed either clay or rubber. The cofferdam is 
heavy enough in itself to resist the buoyant ef- 
fort of the water, and so rests securely on the 
four walls while the clay or rubber joint makes 
the dam entirely watertight. 

When the water in the cofferdam has been 
pumped out it is a simple matter to excavate 
the core wall and connect up to the tunnel al- 
ready inside the submerged caissons. These lat- 
ter are allowed to remain full of water up to 
this point in the procedure in order to render 
them more stable and to save effort in pumping 
them. The excavation is made in hardpan, so 
there is. no danger of the water coming up 
through the bottom. The entire 4.92 ft. is 
covered with a ‘monolithic concrete reaching 
back into the diaphragm ends of the caisson 
tunnels, thus making one continuous line of 
work. 


THE ECONOMICAL UTILIZATION OF LABOR.* 
By HENRY L. GANTT,7 M. Am. Soc. M. E. 

Any scheme of management to be permanently suc- 
cessful must be beneficial alike to employed and emovloyee. 
Neither those labor unions that regard their interests 
as essentially antagonistic to that of employers, nor 
those employers’ associations whose only effort is to 
oppose force by force, can ever effect a permanent solu- 
tion of the problem of the proper relations between em- 
ployers and employees. 

Those who have given even superficial study to the sub- 
ject of labor are beginning to realize the enormous gain 
that can be made in the efficiency of workmen if they 
are properly directed and provided with proper appli- 
ances, Few, however, have realized another fact of equal 
importance, namely, that to maintain permanently this 
increase of efficiency the workman must be allowed a 
portion of the benefit derived from it. 

In but few cases has any definite attempt been made 
to study in a scientific manner the most efficient way of 
utilizing human labor. Of how much work of various 
kinds the ordinary man has done, we have many 
records, but of how much a man especially suited to any 
class of work can do, we have almost no knowledge. 
Enough study has been spent on the subject, however, to 
determine that men especially suited to any particular 
kind of labor, if supplied with proper implements and 
intelligently directed can do on an average at least three 
times as much as the average workman does if the 
limiting factor is physical exertion; and, if assured 
proper compensation they will do so day after day. 

EQUITABLE COMPENSATION OF LABOR, 

It is coming to be realized in the industrial world re- 
garding the arrangements between employers and em- 
ployees that no arrangement is permanent that is not 
beneficial to both. The employer who insists on more 
service than he pays for and the employee who demands 
excessive wages for his work both lose in the long run. 

In other words, unless efficient work goes with high 


*Extracts from an address delivered at ‘the Stevens 
Institute of Technology. 
{Consulting Engineer, 65 Summit St., Pawtucket, R. I. 
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FOR THE METROPOLITAN RY. UNDER THE SEINE AT PARIS. 


wages the result is apt to be disastrous to both em- 
ployer and employees. If we would have satisfactory 
workmen we must learn how to make their labor effi- 
cient, for it is to efficient labor only that high wages can 
be uniformly paid. 

Wherever any attempt is made to do work economically 
the compensation of the workman is based more or less 
accurately on the efficiency of his labor. Very fair 
success in doing this has been accomplished in day work 
by keeping an exact record of the work done each day 
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Fig. 4. Transverse Section Through Temporary Side 
Caissons in Tunnel Work Under the Seine. 


by every man and by fixing his compensation accord- 
ingly. This method, however, falls very far short of the 
highest efficiency, for very few workmen know the best 
way of doing a piece of work, and almost none have the 
ability to investigate different methods and select the 
best. It often happens then that a man working as hard 
as he can falls very far short of what can be done on 
account of employing inferior methods, inferior tools, or 
both. 

In order to get the best results the following conditions 
are necessary: 

First. Complete and exact knowledge of the best way 
of doing the work, proper appliances and materials. 

Second. An instructor competent and willing to teach 
the workman how to make use of this information. 

Third. Wages for efficient work high enough to make 
a competent man feel that they are worth striving for. 

Fourth. A distinct loss in wages in case a certain de- 
gree of efficiency is not maintained. 

These four conditions for efficient work were first 
enunciated by Mr. Fred. W. Taylor, and when they are 


understood their truth seems almost axiomatic. They are 
worthy of a very careful consideration. 
These conditions are really the steps that must be 


taken to get any piece of work done efficiently: 

1st. Learn how to do it right, and how long it should 
take. 

2d. Teach a workman to do it in the manner and time 
set. 

3d. Award the workman greater compensation for 
doing it in the manner and time set than he can ordi- 
narily earn in any other manner. 

4th. Make the conditions of pay such that if he falls to 
do the work either in the manner or time set he gets 
only his day’s pay. 

It is perfectly well known that nearly every operatior, 
can be, and in actual work is, performed in a number of 
different ways; and it is self-evident that all of these 
ways are not equally efficient. As a rule, some of the 
methods employed are so obviously inefficient that they 
may be discarded at once, but it is often a problem of 
considerable difficulty to find out the very best method. 
It is only by a scientific investigation that we can hope 
to approximate the best solution of any problem. 

To analyze every job and make out instructions as to 
how to perform each of the elementary operations re- 
quires a great deal of knowledge, much of which is very 
difficult to acquire; but the results obtained by this 
method of working are so great that the expenditure to 
acquire the knowledge is comparatively insignificant. 

It would not be possible for me to give you much idea 
from this platform as to how to do this work, because it 
is necessary to go into the smallest details of each prob- 
lem and study them with a stop watch. I can, however, 
tell you of some of the results that have been accom- 
plished. 

In the first column in the following table is given the 
time needed in the machine shop of the Bethlehem Steel 
Co. to rough turn work before any study had been made; 
in the second column is the time it took after the proper 
study had been made and the conditions adjusted to meet 
the results of the study. In the third column is given 


the ratios of work done per hour. The average of 
these is 3.7. 
4-in, U. 8S. Navy tubes....... 21.56 5.4 4. 
jackets .... 35.15 6. 
ee tubes ..... 34.75 4. 
12“ 54.50 21.50 2.5 
“Jackets .... 123.70 43.33 2.6 
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and tough. Fig. & shows deposits of copper ob- 
tained before the critical speed is reached. 

A recent application of the new process is the 
production of large copper cylinders for printing 
purposes, in connection with the textile industry. 
A plant for making these cylinders is shown in 
Fig. 4, and consists of a highly polished mandrel 
Cc, corresponding to the internal dimensions of 
the finished ¢ylinder or continuous band that is 
to be produced. When it is desired to produce a 
sheet instead of a cylinder, an insulating strip is 
put down the side of the mandrel. A+ copper 
sheet thus produced is shown at D. The mandrel, 
or cathode, is driven at the desired speed by 
means of a belt and pulley. The anodes are cast 
copper, suspended on a copper ring, the current 
being led to them by means of the conductors A. 
The cathode connection is made by means of a 
mercury cup placed on the top of the driving 
spindle and the arm B, which fits on to the top 
bracket. 

The cylinders are only about */s-in. in thick- 
ness, and are expanded off on especially con- 
structed lathes, as shown in Fig. 5. A roller B 
is caused to traverse the surface of the deposited 
copper A, so as to slightly stretch or expand it. 
After the roller has passed over the copper once 
or twice it is found that the cylinder can be 
easily drawn off. 


Anode 
Connection. 


Fig. 6. Sedtional Elevation the Vat 
for Making Wire or Strip. = 


FIG. 4. PLANT FOR DEPOSITING LARGE COPPER CYLINDERS. 


Another point of particular interest about the 
Cowper-Coles process is the method of making 
wire or strip. The apparatus employed is shown 
in Fig. 6, from which it will be seen that the vat 
is annular in construction. Such an arrange- 
ment has the great advantage that there are no 
working parts in the acid electrolyte, and that 
the mandrel can readily be withdrawn, and the 
amount of electrolyte required is greatly reduced. 
Such a vat is capable of making wire 3 or 4 miles 
in length. 

The mandrel for the production of wire has a 
fine spiral scratch made on the surface (see Fig. 
7); this scratch is angular, not rounded, so that 


the copper will divide. The effect of this scratch 


is to alter the crystalline structure of the de- 
posited copper, and form a line of cleavage simi- 
lar to that formed in cast metals, with sharp 


angles. A section of copper strip thus produced 


is shown in Fig. 8. The copper is deposited in 
the usual way, but when the end has once been 
started it can be unwound in a continuous strip, 
as shown in Fig. 7. 

The copper obtained by this new process is very 
pure, even when very high current densities are 
employed and a solution containing much foreign 
matter in suspension, and gives a remarkably 
high tensile strength. Copper tubes without any 
drawing have been given a maximum stress of 17 


sure of 3,000 lbs. per square inch (thickness of 


tons, and a tube after drawing has stood a pres- 


FIG. 5. APPARATUS FOR EXPANDING OF LARGE COPPER CYLINDERS. 


metal 0.063 in.) without showing any signs of 
distress. Sheets, without rolling, have given a 
maximum stress of from 28 to 34 tons per square 
inch, 


DEFECTIVE GAS PIPE JOINTS AT BURLINGTON AND 
WINOOSKI, VT. 

In our issue of March 7, 1907, in an account 
of a gas asphyxiation tragedy at Winooski, Vt., 
reference was made to gas leakage from some 
mains laid in 1906 by the Burlington Light & 
Power Co., in Burlington, Vt. Prof. J. W. Votey, 
of the University of Vermont, who supplied us 
the information on which our article was based, 
stated that the company used a “ground joint, 
bolted together.” Prof. Votey has since written 
us on this subject as follows: 


The so-called “‘ground joint bolted together’ I find is 
a machined, tapered hub and spigot joint used on the 
pipe known as “‘Universal.”” The pipe is made in 6-ft. 
lengths, and the joints are formed by two bolts passing 
through 44 cast on ee hub and spigot ends. The 
company here used a spring or cut washer under the 
nut. Great. “nexibility the joint is claimed by the 
manufacturers, and it is suggested that the pipe be laid 
with the line joining the bolts horizontal in order to 
allow for settlement. The surfaces in contact are not 
deep—the machined surfaces are perhaps % or %-in. 
deep (I did not measure them), and might permit of 
some movement if not drawn up too tight, but not of 
course to the extent that would be possible if the spigot 
end were made or The pipe that has failed here 
has been by the breaking off of the lugs, which tells its 
own tale as to the flexibility of the joints. I do not 
know whether the company here laid the pipe with the 
bolts horizontal. The machined surfaces are covered 
with plumbago or red lead to prevent the action of rust. 


EMG 


Fig. 7. Unwinding Copper Strip for Wire. 


Fig. 8. Section of Copper Wire Strip. 


— 
° 
A 
line i= 
YS 
SS 
SS 
\ | | 


402 


ENGINEERING NEWS. 


Vol. a7. No. 


All the labor of handling pig iron, coal, coke, ore and 
open hearth melting stock in the yard of the Bethlehem 
Steel Co. was studied in the same manner and the 
amount done per man on plece work after the study aver- 
aged 3.2 times as much as was done before. 

In the Sayles’ Bleacheries where I am now at work, I 
find similar ratios. This means that whether the labor 
is that of a Pepnsylvania Dutch workman in a machine 
shop, a Hungarian laborer handling stock in the yard of 
a steel works, or a skilled cloth handler in a bleachery, 
the amount of work the average workman does under the 


ordinary conditions is only about one-third of what can 


be done by a proper workman under the best conditions. 
I could give other illustrations of this ratio, which seems 
to be pretty uniform. 

In other words, when a man sets his own task, as he 
virtually does in ordinary day work, he usually does 
about one-third of what a good man fitted for the work 
can do under the best conditions. 

INSTRUCTIONS. 

As a result of our first step or our scientific investiga- 
tion, we in general find that it is possible to do about 
three times as much as is being done; the next problem 
is how to get it done. First, I wish to say that no matter 


how thoroughly convinced we may be of the proper’ 


method of doing a piece of work and of the time it should 
take, we cannot make a man do it unless he is convinced 
that in the long run it will be to his advantage. In other 
words, we must go about the work in such a manner that 
the workman will have confidence in us and feel that the 
compensation offered will be permanent. 

When we have established this condition of affairs we 
are ready to start a workman on the task, which, when 
properly set after an investigation, is such as can be done 
only by a skilled workman working at his best normal 
speed. 

The average workman will seldom be able at first to do 
more than two-thirds of the task, and as a rule not more 
than one of five will be able to perform the task at first. 
By constant effort, however, the best workmen soon be- 
come efficient, and even the slower ones often learn to 
perform tasks which for months seemed entirely beyond 
them. 

COMPENSATION OF LABOR. 

Buying labor is one of the most important operations 
in modern manufacturing, yet it is one that is given the 
least amount of study. Most shops have expert financiers, 
expert designers, expert salesmen and expert purchasing 
agents—for everything except labor. The buying of labor 
ie usually left to people whose special work is something 
else, with the result that it is usually done in a manner 
that is very unsatisfactory to buyer and seller. It is ad- 
mitted to be the hardest problem we have to face in 
manufacturing to-day, and yet it is only considered when 
the manager “has time’’ or has “‘to take time,” or on ac- 
count of “labor trouble.’’ The time to study this subject 
is not when labor trouble is brewing, but when things 
are running smoothly and employer and employee have 
confidence in each other. 

Men as a whole (not mechanics only) prefer to sell 
their time rather than their labor, and to perform in that 
time the amount of labor they consider proper for the pay 
received. In other words, they prefer to work by the 
day and be themselves the judges of the amount of work 
they shall do in that day, thus fixing absolutely the price 
of labor without regard to the wishes of the employer 
who pays the bill. 

While men prefer as a rule to sell their time and them- 
selves determine the amount of work they will do in 
that time, a very large number of them are willing to do 
any reasonable amount of work the employer may specify 
in that time, provided only they are shown how it can be 
done and paid substantial additional amounts of money 
for doing it. The additional amount needed to make men 
do as much work as they can depends upon how hard or 
disagreeable the work is and varies from 20 to 100 per 
cent. of their day rate. 

If the work is light and the workman is not physically 
tired at the end of the day he will follow instructions 
and do all the work called for if he can earn from 20 to 
30 per cent. in addition to his usual day’s wages. If the 
work is severe and he is physically tired at the end of 
the day he requires from 40 to 60 per cent. additional to 
make him do his work. If in addition to being physically 
tired he has been obliged to work under disagreeable 
conditions or in intense heat, he may require 70 per cent. 
or even 100 per cent. additional. 

TASK WORK WITH A BONUS. 

It is these considerations that lead to the development 
of the bonus system of paying labor, under which a man 
always gets his day’s wages, and if he accomplishes 
the task in the time and manner specified, he is paid 4 
bonus the size of which depends upon the severity of the 
work. 

The easiest way to figure such a bonus fs to make it 
a proportion of the time allowed; for instance, if from our 
time study we find that three hours is a reasonable time 
for a job that has usually taken from five to ten hours, 
we set three hours as the time limit and pay the work- 
man one-third more, or for four hours, if he does the 
work in three hours or less. If he does it in exactly 
three hours he gets pay for four hours, or an increase of 


334%. If the work is done in 2% hours he 
If the work is done in two hours kis pay is still that 
which he would ordinarily get for four hours, an in- 
crease of 100%. 

As I have said before, a proper task is always greater 
than the ordinary workman can perform at first, and 
must be such as only the most skilled can perform. On 
the other hand, when the more skilled have been earning 
their bonus for some time, and the less skilled begin to 
realize that the prize is real and worth striving for, they 
— every effort to attain it and rapidly improve in 

This increase in efficiency makes the payment of high 
wages possible, and it may be added that without efficient 
labor, permanent high wages cannot be paid indefinitely, 
for every wasteful operation, every mistake, every useless 
move has to be paid for by somebody, and in the long 
run the workman has to bear his share. 

Good management, in which the number of mistakes is 
reduced to a minimum, and useless, or wasteful opera- 
tions eliminated, is so different from poor management, 
in which no systematic attempt is made to do away with 
these troubles, that a man who has always worked under 
the latter finds it extremely difficult to form a conception 
of the former. The best type of management is that in 
which all the available knowledge is utilized to plan all 
work, and when the work is done strictly in accordance 
with the plans made. In other words, that management 
is best which utilizes labor in the most efficient manner. 

The best mechanical equipment of a plant that money 
can buy avails but little if labor is not properly utilized. 
On the other hand, the efficient utilization of labor will 
often overcome the handicap of a very poor mechanical 
equipment, and an engineer can have no greater asset 
than the ability to handle labor efficiently. 


A NEW COPPER-DEPOSITING PROCESS. 
By L. RAMAKERS.* 

It has long been the aim of eléctro-metallurg- 
ists to increase the rate at which copper can be 
deposited in a smooth form without any consid- 
erable increase in voltage, which means increased 


which is an item of great importance in y; 
any size. The current density employed ; 
trolytic refineries has been increased a. 
8 or 10 amperes, as originally employ 
Messrs. Elkington and Messrs. Elliotts, . 
mingham, England, to 20 amperes per a 
foot, as at present employed by the An; 
Works, in America. 

Various attempts have been made from : 
time to further increase the current dens 
using mechanical means. The best kno 
these are the Elmore process, which emp|: 
agate burnisher, that continually travers 
surface of the copper being deposited, a; 
Dumoulin process, which employs a she 
rubber, the object being to insulate by - 
with grease the raised portions of the cop; 
soon as the deposit becomes rough, so as to 
the lower portions of the copper to be built 
the same level. 

Messrs. Sherard Cowper-Coles & Co., L: of 
London, England, have recently introduced 
centrifugal piocess, in which a current den. . 
employed of 200 amperes per square fo of 
cathode surface, the voltage at the termin: 
the depositing cell being 0.75. 

The Cowper-Coles process differs from the her 
processes already mentioned, in that the ma.) 
on which copper is deposited is revolved .{ a 
“critical speed.” 

It is found that for a given current density the 
mandrel must have a certain peripheral s) ed; 
the greater the speed the greater the tensile 
strength of the copper. The result of revolving 
the mandrel at this comparatively high speci is 
that every molecule, as it is deposited, is bur- 
nished or rubbed down so as to produce a tough 
fibrous copper; the usual order of things is thus 
reversed, the present practice being to put the 
mechanical work int) 4 


mass of copper inste:d of 
z treating each molecule as 
it is deposited. The 
centrifugal action plays 
an important part in the 
Cowper-Coles process, as 
it enables very impure 
solutions to be used; that 
is, solutions containing 
a considerable amount of 
foreign matter in sus- 
pension, as the impuri- 
ties are thrown off by 
centrifugal force and th< 
rubbing action of the 
electrolyte, thus prevent- 
ing the formation of any 


nodules. 


FIG. 1. A VIEW SHOWING THE CRYSTALLINE STRUCTURE OF NODULES. 7 ot POWs Under 


* moderate magnification, 
the way these nodules 
are built up, and the crys- 

j talline structure of the 


Fig. 2. Copper Deposited on 
a Revolving Cone, Show- 
ing the Effect of Different 
Peripheral Speeds. 


power and corresponding cost: The object of in- 

creasing the rate at which copper can be de- 

posited is therefore to reduce the capital outlay, 

and also the amount of copper under Syentment, 
*36 rue Saint Georges, Brussels, Belgium. 


Fig. 3. Copper Deposited Below the Criti- 
cal Speed. 


copper crystals formed at 
‘fright angles to the 
face on which the copper 
is deposited. When these 
nodules are removed 
by force and examined 
under the microscop: it 
will be found that at the 
root of each there is a 
small speck of forcign 
matter. These specks of 
impurities are also found 
to cause corrosion of 
the finished copper ‘ibe 
or sheet, when subje ‘ed 
to salt water or o her 
corroding agencies, as 
they are usually elec! :o- 
negative to the coppe:. 
The method emplo. cd 
for determining the c:it- 
ical speed for var) nz 
conditions is by use of a 
revolving cone, as shown in Fig. 2, from wi! 
it will clearly be seen how the nature of ‘ie 
copper varies according to the peripheral sp: 4; 
at the smallest diameter the copper is rough °14 
brittle, and at the larger diameter it is smooth 
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The prominent part that percolating (or 
trickling or sprinkling) filters are taking in both 
American and British sewage works installa- 
tions renders timely the extended review of the 
studies of such filters at the Lawrence Experi- 
ment Station, contributed to our columns this 
week by Mr. H. W. Clark. Those studies, in so 
far as they relate to percolating filters, as now 
conceived, cover a period of 8 years, but they 
were really begun 18 instead of 8 years ago. 
Some of the ideas suggested by the early studies 
of coarse grain or gravel filters at Lawrence 
were acted on by numerous workers in Great 
Britain, with the result that the percolating filter, 
as a practical means of treating sewage, was 
developed and widely used in England before it 
became much more than a laboratory device in 
this country. With the development of this filter 
abroad its study, along improved lines, was re- 
sumed at the Lawrence Experiment Station, with 
the results outlined by Mr. Clark. - 

In Great Britain, contact beds made great 
headway from about 1895 to say 1903, as con- 
trasted with the popularity of intermittent sand 
filters in the United States. Many American 
towns have introduced contact beds on a small 
scale since 1898, partly because such beds were 
thought by the poorly informed to be a necessary 
accompaniment of septic tanks. But until the 
percolating filter was accepted here as thor- 
oughly practicable the American predilection was 
for intermittent sand filters, wherever local con- 
ditions permitted. The high rates possible with 
percolating filters (2 to 5 times higher than with 
contact beds and 10 to 50 times higher than 
with intermittent sand filters), their great flexi- 
bility in design and operation, and yet, with all 
their differences, their similarities to intermit- 
tent filters, all combine to favor the rapid exten- 
sion of intermittent filters in the United States. 
At present, the accepted formula is preliminary 
treatment by septic tanks or plain sedimentation, 
plus percolating filters, plus sedimentation for a 
brief period; with the omission of sedimentation 
where the discharge of a final effluent rather 
heavily laden with suspended matter, but non- 
putrescible, is permissible. 

Although other problems connected with per- 
c lating filters are not all solved, perhaps the 
grcatest future interest will center in the sprink- 
li ¢ devices for distributing the sewage. Revolving 
s) inklers of a few broad types, but of many va- 
ri ‘jes, are extensively used in England—thanks, 
in large part, to the enterprise of manufacturers, 


- 


who are there called ‘engineers.” Fixed sprinklers 
have also been used abroad, beginning with 
some of the early installations, and appear to be 
gaining in favor. Here, percolating filters are so 
new and so few that only an apparent decided 
preference for fixed sprinklers can be asserted. 
The experimental sprinkler, of the fixed type, de- 
scribed and illustrated by Mr. Clark, is different 
from any that has previously come to our atten- 
tion. Considerable experimental work on sprin- 
klers has been described at various times in our 
columns (Columbus, O., March 29, 1906, p. 368; 
Massachusetts Institute of Technology, Aug. 16, 
Oct. 18, 1906; Baltimore, Md., and Waterbury, 


Conn., Feb. 28, 1907). Finally, attention may be © 


called to the fact that while abroad the material 
most commonly used for percolating filters is 
clinker there are many indications that in Amer- 
ica broken stone will be used instead, both be- 
cause it is readily available in most parts of the 
country, which cannot be said for England, and 
because it does not crumble or break down and 
clog the beds, as does clinker. 


Further particulars of the open-switch acci- 
dent at Colton, Cal., which was discussed in our 
issue of April 4, are given in the letter printed 
below from Mr. J. Kruttschnitt,: Director of 
Maintenance and Operation of the Southern 
Pacific Ry., in reply to a request for official in- 
formation. 

We commented last week upon the high speed 
at which the train entered the yard limits, and it 
now appears that this was in violation of rules; 
but with a train eight hours or ‘more behind time 
it is not difficult to understand that the engine- 
man might ignore rules regarding reduction in 
speed. It was presumably for this reason 
(among others) that the Texas legislature passed 
a law which has recently gone into effect, re- 
quiring the cancellation of trains which are 
more than a specified time behind their sche- 
dule. The train being canceled at the first di- 
vision point, loses its rights and starts again 
under a new schedule. With trains many hours 
late but still retaining rights given it under the 
regular schedule, confusion and accidents are 
extremely likely to occur. 

It will be noted that there was no protective 
equipment at this switch, and we believe nobody 
will dispute the position taken in the editorial 
in our issue of March 28, to the effect that every 
switch in main tracks ought to be equipped either 
with interlocking switch and signal apparatus 
or with a distant signal automatically operated 
from the switch. A switch target is certainly 
not sufficient protection for main line traffic, and 
the cost of simple and effective safety apparatus 
is small as compared with its value as an insur- 
ance against accident and loss. Mr. Krutt- 
schnitt’s letter follows: 


The accident happened at an industry switch, leading 
to the plant of the Armour Fertilizer Co. The switch 
engine had gone in on this track to do necessary switch- 
ing some 15 minutes before the accident occurred, and 
the crew failed to close the main track switch, or 
protect themselves, as required by the rules. The en- 
gineman and fireman of this particular, switch engine 
were fully informed as to the approach of the passenger 
train by a regular ‘‘31’’ train order which they held, ad- 


vising them train No. 9 was running 9 hours 45 minutes 


late on schedule. 

The switch in question was not protected by a distant 
signal or safety device, as the track at this point is 
straight for a distance of some three miles, and the en- 
gineman of train No. 9 had an unobstructed view of the 
switch target, which showed red, indicating stop. In 
addition to this, there was a special bulletin restricting 
the speed of all trains within yard limits at Colton to 
15 miles r hour. These instructions were apparently 
entirely disregaréet by the engineman of the limited 
train, who evidently did not notice the position of the 
switch until too close to prevent accident. 


The same accident also calls attention to the 
dangers incident to the working of switch en- 
gines on main tracks. While controlled to some 
extent by orders, they frequently run “wildcat” 
and simply under the control of the engineman 
without any special orders, except perhaps from 
a yardmaster. It is true that a stereotyped rule 
requires them to get off and be clear of the 
main track a certain number of minutes before 
the time of regular trains, but with trains 
habitually or exceptionally late (and in this par- 
ticular accident the regular train was nearly 
ten hours late) this rule soon fails to be ob- 


served, and the men take all kinds of chances 


in making the movements necessary to their 
work. The engineman of the regular train has, 
in the great majority of cases, no knowledge of 
what conditions exist in a yard or at a yard 
entrance as he approaches, perhaps at high 
speed. Collisions of trains with yard engines 
improperly occupying the main track are fre- 
quently reported, occurring sometimes at large 
city yards and sometimes at small outlying 
towns, but the chances continue to be run almost 
daily. In very many cases, the necessity for a 
switch engine to occupy or work upon a main 
track may be greatly reduced by a proper ar- 
rangement of tracks, and this is one of the many 
points to be considered in the design of yard lay- 
outs. But certainly it should not be allowable 
for such an engine to occupy the main track 
until a signal is displayed which will give ample 
and sufficient warning to a regular train. 


> 


The Colton accident happened within the yard 
limits; but every disaster at an open switch sug- 
gests that the number of such breaks in the 
main line, particularly on railways running 
high-speed through trains ought to be as few 
as possible. There is, however, constant pres- 
sure to increase the number of such switches, 
to enable new industries located away from 


regular stations, to have their own private siding. ' 


In the “public service’ commission law now 
pending in the New York legislature, the fol- 
lowing provision is found: 

A railroad corporation upon the application of any 
shipper shall provide side-track and switch connection 
with any line of its railroad, wherever such side-track 
and switch connection is reasonably practicable, can be 
put in with safety, and the business therefor is suffi- 
cient to justify such connection and the maintenance 
thereof. 

We do not at all question the necessity of such 
a clause in the law, if railways are to be subject 
to effective Government supervision to prevent 
discrimination between patrons; but in the ex- 
ecution of any such law, the safety of the travel- 
ing public should have full consideration as well 
as the claims of the private industry seeking to 
instal the switch. 


We have often commented on the lack of 
literature on water-works operation. Most of 
such literature as is available is to be found 
scattered through the engineering journals and 
the proceedings of the various water-works as- 
sociations. The American Water Works Asso- 
ciation has issued a special invitation to its 
members to contribute short, practical, water- 
works experiences, for presentation at its next 
annual meeting, which will be held at Toronto 
June 11-15, 1907. We take pleasure in giving 
publicity to this request and to the topics sug- 
gested. The latter are as follows: 


For instance, tell us of some unusual leak, how caused 
and how repaired; the laying of a line of pipe in some 
difficult place, under a railroad or in treacherous soil, 
across a small stream or in marsh; the making of lead 
joints where the trench could not be kept dry, or in old 
lines, to make a new connection or repair a leak, when 
the valves would not shut tight; how you protect pipes 
under railroad tracks, or repair leaks in the same; hoy 
you pvotect shallow services or hydrant branches from 
freezing; trouble with anchor ice, and how overcome or 
avoided; thawing service pipes, hydrant branches or 
mains; break-down of pumping engines, cause, and how 
overcome or repaired while in service; trouble with 
boilers and how overcome; means adopted to improve 
boiler or engine efficiency; pump slippage, how discov- 
ered and how corrected; any unusual occurrence about 
the pumping station; cleaning obstructed mains and ser- 
vices; detection of improper use of water, and the rem- 
edy applied or penalty imposed; any unusual experience 
with meters, setting in difficult places, repairing, read- 
ing, ete.; experience in collecting water rates; something 
about your office records, records of pumping, services, 
pipe lines, etc.; description of any new tools or ap- 
pliances you have tried and the result; new packing for 
pumps; material for pipe joints; lead flange connections 
for services versus wiped joints; legal controversies or 
decisions. 


Certainly there is no capable water-works en- 
gineer or superintendent who cannot write some- 
thing on some one or more of these subjects that 
would be of material benefit to the water-works 
fraternity. We hope that the request for prac- 
tical experiences will meet with a hearty response. 
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On bringing this matter to the attention of the 
Central Foundry Co. (116 Nassau St., New York 
City), Mr. C. G. Beach, Manager, wrote us as 
follows: 

The pipe laid at Winooski, Vt., was our Universal 
pipe. There was some trouble with the pipe, not through 
any fault of the pipe itself, but through carelessness in 
the installation of same, and because some of the pipe 
was a trifle defective in the machining and should never 
have been installed. 

In regard to Mr. Votey’s remarks on the spring 
washer, I beg to state that when we first started making 
and laying Universal pipe, some five years ago, we used 
a flat washer, and we have since found that a spring 
or out washer helps out in taking care of expansion 
and contraction, which is the reason that same is used. 
Our joint is of the male and female type, machined on 
a slight taper and drawn together with two bolts, on 
the same principle as the ground joint. It is admitted 
by engineers that our joint is far superior to any calked 
joint or screw joint that there is on the market. 

In regard to the breakage of the lugs at Burlington, 
I would state that the joints were undoubtedly drawn 
up too tight, thus doing away with a certain amount of 
flexibility of the joint, but it has been absolutely proven 
in all installations of this pipe, either for gas or water, 
that the joint is much more elastic and flexible than 
either a calked joint or screw joint. 


THEORY OF HORIZONTAL COMPRESSION MEMBERS 
WITH ECCENTRIC PIN CONNECTIONS.* 
By JAMES E. BOYD.+ 


In a horizontal compression member there is a bend- 
ing moment due to its own weight, which produces a 
deficction downward. If the pins are placed at the center 
of gravity of the cross-section, the line of thrust will fall 
above the center of gravity of all sections except those at 
the ends, making the member practically equivalent to an 
eccentrically loaded column. 

To compensate for this bending moment due to the 
weight of the member, it is customary, in bridge con- 
struction, to place the pins a little below the center of 
gravity of the cross-section. This distance is usually 
such that the moment at the middle due to the weight 
is equal and opposite to that due to the thrust. If P = 
thrust, w = weight per inch, 1 = length, and e = the 
eccentricity of the pins, 


Pe =—— 


no allowance being made for the deflection, which, in 
this case, is entirely upward. ce 

This value of the eccentricity gives over-compensa- 
tion at all parts except at the middle, if the upward de- 
ficction is neglected. Taking the latter into account, 
there is over-compensation at all points, including the 
middle. It seems that it would be better, therefore, to 
use a somewhat smaller figure. Owing to the fact that 
the compression in the top chords of a bridge varies from 
panel to panel while the size of the members remains 
constant, and to the fact that they must be connected to 
end-posts of a different cross-section, it is not practicable 
to approximate closely to any theoretical. figure. How- 
ever, there may be some interest in determifing, as near- 
ly as possible, what are the ideal conditions about which 
to approximate. 

If x = distance of any point of the member from the 

*A paper presented before the American Association for 
ao eas of Science at New York City, Decem- 

+Professor of Mechanics, Ohio State University, Colum- 
bus, Obio. 


left end, and y = the deflection at this point (positive 
being -upwged), the differential equation is 
w 
EI—— = —{lr—a?)— Ply +e)...(1) 
dx 2 
or 
Cy Py 
d x EI 


the solution of which is 


| | P w 
y= C\ cos r+ Co sin \ —ax2+—-{ lr-—a2? 
E El 


FP 
Using the conditions 
dy 
y when = 0, and—— = 0 whenz=—-, 
da 2 
we get 
Ci =e— , C2 = C, tan 
EI 2 


Substituting in Equation (2) and reducing, we find the 
equation of the elastic curve 


wkly ( [Pl P 
y= — - cos —|-—az]}-1 
( EI2 EI\2 


Fig. 1 gives the form of the curve when the eccentricity 


+ — +.... 

61,440 EI 

These curves are plotted for a member 20 ft. in length 
made of two 15-in., 40-lb. channels and one 20-i» by 
%-in. plate. The value of I is 1,031; the weight per inch 
is 8.8 Ibs.; E is taken at 29,000,000 Ibs. per sq. in.; the 
compression is taken as 400,000 Ibs. Fig. 4 gives the 
bending moments, the curves I, II., III. corresponding to 
the cases sketched in Figs. 1, 2, and 3. In Case I. the 
moment is all negative; the compressive stresses due to 
the moments are 576 lbs. per sq. in. at the ends and 
10 Ibs. per sq. in. at the middle. In Case-II. the com- 
pressive stresses are 477 lbs. in the lower fibers at the 
ends and 63 Ibs. in the upper fibers at the middle. Ip 
Case III, they are A54 Ibs. in the lower fibers at the ends 
and 80 lbs, in the upper fibers at the middle. The direct 
stress is 12,900 lbs. per sq. in., so that these bending 
stresses have relatively little importance. 

It would seem from inspection of these curves that the 
ideal condition lies between Cases II. and III. Instead 


of taking w I? 
8 P 

it would be better to use the value 
wh 
10 P 


as the average figure for the eccentricity. 


THE LOCOMOTIVE AND CAR MILEAGE RECORDS 
of the Louisville & Nashville Ry. are published monthly 
on large sheets, showing the figures for the present and 
previous year. From the January record we take the 
following figures: 


Passenger. Freight. 
Locomotives: Number in service... 


Ave. il 
is proportioned by the usual rule ‘oll... oe 
wh Ave. miles per pint lub. oil..... 23.82 
: Cost of yalve and lub. oil per 100 
sP Cost of waste for lub. per 1,000 
miles, cts. ..:... 29.68 26.08 
In Fig. 2 we have the case in which there is zero de- Coal per mile, lbs......... esses 112,88 178.76 
flection at the middle. Here the deflections at all points 
and the corresponding bending moments are much less Cost of lub. ofl per 1,000 mi., cts 7.44 6.50 
10,000 
we 
£ 
40,000 
a 
000 


Inches. 


FIG. 4. MOMENT DIAGRAMS FOR CONDITIONS REPRESENTED BY FIGS. 1-3. 
For chord section 20 ft. long, I=1,031 in.*, P=400,000 Ibs. 
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electric roads, and the object lesson taught is 
that form and simple fares may so stimulate 
traffic «= to outweigh all the objections that can 
be bro ht against them. 


In a ‘ccent argument before the Pennsylvania 


legisla‘ "re, President Jas. McCrea of the Penn- 
sylva R. R. gave the following interesting 
figur: as to the receipts of the Pennsylvania 
R. Rk. ines east of Pittsburg and Erie from va- 
rious © asses of passenger travel in 1906. 
Av’g. P. 
Rate of Total 
per Busi- 
cts. 
One ticketS .-2.51 
aed trip and excursion tickets. .2.000 27 
Commutation tickets ........ seeeue 1.061 9 
Mileage ticketS 2.00 13 
Total average rate 2.055. 100 


The one-way tickets include apparently both 
throuch and local, and, as the former tickets are 


gener:|ly sold at little more than 2 cts. per mile, 
the local tickets are probably sold at about 3 
cts, per mile. The proposition of a two-cent a 
mile flat rate, therefore, really affects the local 
trave! and little else. It is this class of travel, 
however, aS we have seen, which can in almost 
all cases be carried with very slight additional 
expense for train service or for rolling stock. 


The revenue from additional travel of this sort, 
therefore, will be nearly all clear profit. 

Doubtless the introduction of a flat two-cent a 
ile rate would cause in most cases some falling 
off in net revenue at the start. It takes time 
to educate the travelling public to the use of new 
advantages; but the final effect on the traffic 
cannot be doubted.. The travel habit grows all 
the time as opportunities for travel are in- 
creased. Even business travel is closely in- 
fluenced by the cost of and facilities for such 
travel. 

To summarize and conclude, therefore, the 
two-cent a mile rate cannot be justified for rail- 
ways in thinly populated regions operated by in- 
dependent companies. It can be supported as 
good business policy on all railways serving a 
population sufficiently dense to permit a large 
increase of traffic to result from lower local 
fares. 


LETTERS TO THE EDITOR. 


Expansion Joints in Concrete Basement Floors. 


Sir: I would like to ask through the columns of your 
journal whether it is customary to put in concrete base- 
ment floors monolithic or ‘‘blocked off.” The writer has 
seen monolithic floors laid in basement rooms where sub- 
sequent trouble arose by some of them cracking badly. 

The rooms were heated to a temperature of about 70° F. 
while the work was in progress and while the concrete 
was setting. The average size of rooms was 20 x 20 ft. 

The sub-grade of the floors was thoroughly rolled. The 
lower layer was 8 ins. thick, 1:3:5 mixture; top, 1 in. 
thick, 1:2 mixture. The floors were kept damp con- 
tinuously for several days after being laid. 

Have any of your readers experienced similar diffi- 
culty? What methods were employed to secure desirable 
results? What is the maximum size of monolithic 
concrete floor in which no cracks may be expected to 
appear? Yours truly, 

Earl D. Covell. 

Fort Thomas, Ky., April 5, 1907. 


A Government Public Works Department. 

Sir: The copy of the President’s letter to each mem- 
ber of “The Inland Waterways Commission,” given in 
your issue of March 21, and your editorial comments in 
the issues of March 28 and April 4 show that a step in 
the right direction has been taken. 

If this commission shall be the seed from which a De- 
partment of Public Works is produced, with the neces- 
sary organization to properly care for the present and 
construct the future government works, a change will 
inde that has long been needed. 

Wh:' would be the present status of the Panama Canal 


work, the harbor and electric and steam railway condi- 
tions in the Philippines; the study of the transportation 
Problem in Alaska, had there been, for the past few 
years 


a well organized Department of Public Works in 
our General Government? 

With such a department, the immense and ever-increas- 
ing « propriations for public works of all descriptions 


would be handled in a much more economical manner; 
the p-sonnel of the department, or rather the character 
of the 


men employed by it on public works, would be 
raised ond better work would be secured. 


I hope that the Commission is but the forerunner of 


_ Such an organization. 


Yours respectfully, T. M. Ripley. 
123 North Allen St., Albany, N. Y., April 6, 1907. 


The Effect of Height of Center of Gravity on Lateral 
Pressure of Railway Vehicles. 

Sir: In your issue of March 14, in replying to the 
question whether the height of the center of gravity 
of an engine above the rail affects the lateral pressure 
exerted on the outer rail on curves, you answer in the 
negative save as to its effect on impact. To me it 
seems that the position of the center of gravity affects 
the lateral pressure, for, obviously, the center of gravity 
could be placed where for a given speed it would just 
balance the engine on the outer rail; there would then 
be no pressure due to longitudinal slipping. This effect 
is perhaps not so very great, but if we examine its effect 
on the force tending to cause the rail to slip on the tie 
we shall find it far from negligible. 

If we consider the flange pressure of the leading driver 
on the outer rail we find it due to three things: (1) 
the force necessary to cause the driver to slip laterally; 
(2) the force necessary to cause the other wheels in the 
rigid frame to slip; and (3) the centrifugal force, which 
is independent of the height of the center of gravity. 
The force tending to cause the rail to slip on the tie 
is the sum of the last two, and resisting this we have 
the spikes and the product of the weight of the leading 
driver on the outside rail multiplied by the coefficient of 
friction between the rail and tie. Now if we raise the 
center of gravity we lessen the force tending to cause 
the rail to slip and incr2ase the resisting force. 

These effects, though not negligible in the electric loco- 
motive mentioned on page 298, are exceedingly great in 
the case of the steam locomotive mentioned on the same 
page. Yours truly, 

Wm. J. Johnson. 

Tuxpan, Jalisco, Mex., March 23, 1907. 

{The rail-pressure consumed in lateral slipping 
will be slightly reduced as the fraction of weight 
going to the outer rail is increased; for, the 
slipping of that wheel (or wheels) which bears 
against the rail is a self-contained action and 
does not tend to displace the rail, and as this 
part of the total slip action is increased the 
active remainder is decreased. The decrease will 
be small compared with the total rail-pressure. 

The rail-pressure due to longitudinal slipping 
18 less clearly defined. If all longitudinal slip oc- 
curs at the inner wheels at all speeds and under 
all conditions, we may reasonably conclude that 
as the load on the inner rail is decreased the 
pressure due to longitudinal slipping also de- 
creases. But the modifying conditions are so 
many that, we believe, it does not seem justi- 
fiable to view the longitudinal slipping other than 
as a constant, not varying with speed. 

In long vehicles like cars, resting on groups of 
trucks, the turning of the trucks which must oc- 
cur at a curve introduces a wedging rail-pres- 
sure (outward on the outer rail at the front 
axle, toward the inside of the curve on the inner 
rail at the rear axle of the truck, on entering a 
curve; the reverse of this on leaving a curve). 
The amount of this pressure will depend on the 
nature of the bearing of body on truck. When 
high center of gravity and high speed force the 
body down hard on the outer side-bearing, the 
turning friction and ‘ence the rail-pressure 
chargeable to it rmay be increased. This effert 
is' opposite to that arising in the case of the 
lateral slip. 

The influence of high center of gravity to in- 
crease the friction between outer rail and tie, 
hence to decrease the residual spike-shear, is 
clearly exhibited in the figures tabulated in the 
article printed. on pp. 296 to 299 of our issue of 
March 14, 1907.—Ed.] 


Tests of the Holding Power of Railway Spikes. 

Sir: I read in the March 7 issue of your esteemed 
paper the account of the tests made by Prof. Webber, of 
the University of Illinois, on different rail fastenings. 

I do not think it possible to draw a conclusion from 
the experiments Prof. Webber has undertaken. The 
wrenching out of a spike or a screw-spike by continuous 
effort with a special machine does not give the right 
test of the holding power of a rail fastening, the con- 
ditions on the track being different from those that can 
be realized in a laboratory. On the track, there is not 
a direct pull of the screw-spike by continuous effort nor 
is there lateral displacement such as can be obtained 
with the arrangement devised by Prof. Webber; more- 
over, there are other causes of destruction, such as ham- 
mering, the deflections and vibrations of the line under 


the influence of passing trains, which are not taken into 
account. 

The only valuable tests of track fastenings are those 
made in the track itself under the ordinary conditions 
of traffic. 

Great holding power is no doubt of importance for a 
rail fastening, but it is not all-sufficient. A good rail 
fastening, in my opinion, must have a certain amount 
of elasticity, ensure a strong and constant pressure of 
the rail or its support agaginst the tie; at least it must 
mot be a cause of destruction of the tie. 

I do not think anybody will contradict me if I say 
that the ordinary spike, besides not having sufficient 
holding power to answer the present requirements of 
traffic is very harmful to the tie. It is a well-known 
fact that most ties do not perish though decay, since 
they are chemically treated,.but through the fastenings 
and especially through the spikes. As soon as the spike 
is unable to ensure a strong pressure of the rail on the 
tie and allows some play to exist, then begin the ‘“‘ham- 
mering’’ and its destructive influence on the tie, which 
will have soon to be rejected. 

The screw-spike is an improvement over the ordinary 
spike, and that superiority has been acknowledged by the 
International Railway Congress, held at Washington in 
May, 1905. However, the screw-spike is not yet an ideal 
rail fastening, its holding power in soft wood is not very 
great, it requires frequent retightening and it does not 
protect the tie against the destructive action of the rail 
or its support. 

Such are the reasons which have led me to the Inven- 
tion of my helical linings for screw-spikes. I will not 
enlarge here upon the advantages of these linings, which 
are being used in large quantities by railway companies 
and are now sufficiently known to American engineers. 
I will only draw attention to the fact that a lining, 
besides increasing the holding power of a screw-spike, 
reduces to a great degree the destructive effect of the 
rail on the tie by ensuring a strong and constant pressure 
of the former on the latter. This fact is not the result 
of a simple test, but of six years’ experience in the tracks 
of different railways. 

The insertion of those linings is very easily and very 
quickly done on the track or at the works by means of a 
special machine, and facilitates a good fixing of the 
screw-spike. Should any of the readers of this paper 
feel interested in the subject, I shall be pleased to send 
them the paper I have recently published on my ‘“‘Hell- 
cal Linings.’’ 

The helical linings do not increase the cost of the ordl- 
nary screw-spikes. I am now selling screw-spikes fitted 
with linings at 4% cts. apiece duty paid at New York 
or any Atlantic port, which is only %-ct. above the aver- 
age price given for screw-spikes in Mr. Webber’s report. 
The small cost of the lining will be quickly repaid by the 
facility and security it gives to the fixing of the screw- 
spike and by the saving in the life of the tie. 

I am, Dear Sir, 
Yours truly, 
Jean Thiollier, Ingénieur. 

92, Boulevard Haussmann, Paris, France, March 22, 

1907, 


[While the test of actual use must be the 
final one to determine the value of anything, 
it can hardly be successfully maintained that 
laboratory tests are without value, particularly 
if they are made with a clear understanding of 
the practical conditions to be met in service. 

It is probable that the resistance of a spike to 
direct pull is less important than its resistance 
to lateral displacement, and that its resistance 
when 1% is pulled out a half inch or so, as any 
spike is liable to be, is quite as important as its 
resistance when driven home.—Ed.] 


Pitfalls and Variations in Reinforced Concrete Design. 

Sir: The writer recently had presented to him for 
examination the design of a reinforced concrete building. 
While familiar with steel construction, he is somewhat 
of an amateur in reinforced concrete, and it was neces- 
sary for him to have recourse to the various books on 
the subject. The authors of these works are far apart 
in their conclusions, so much so that it does not seem 
safe to follow any single writer throughout. As you 
remark in your abstract of French Government Rules 
in your issue of March 21, “‘there is absolufely no 
authoritative American code of specifications or practice 
in existence.” 

In the first place, there is a considérable difference in 
calculating the strength of a simple beam. If, as Prof. 
Hatt and others claim, the compressive stresses in the 
concrete vary as the ordinates of a parabola, and the 
strength of the beam is based upon the extreme-fiber 
stress in the concrete, the beam is 17% stronger than 
if the compressive stresses in any fiber are directly | 
proportional to the distance of that fiber from the neutral 
axis. 

At this point it may be mentioned that the laet edition 
of a book should be followed. The writer followed the 
calculations of a simple beam according to the example 
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The Engineering Societies’ Building in New 
York City, which was completed at the begin- 
ning of the present year and is now occupied by 
the three “founder societies,” is to be formally 
dedicated with appropriate ceremonies next 
week. The occasion promises to be one of the 
notable events of the year in engineering circles. 
The program of the dedication exercises covers 
four days of the week, from Tuesday to Friday, 
inclusive. The formal dedication is to take 
place on Tuesday afternoon, and the pro- 
gram includes an address by Mr. Carnegie, the 
donor of the building, and an oration by Presi- 
dent Hadley, of Yale University, on “The Pro- 
fessional Ideals of the Twentieth Century.” On 
Thursday and Friday, sessions are to be held 
by the several founder societies for the presenta- 
tion and discussion of professional papers. Re- 
ceptions, excursions, etc., have been provided for 
to make the week socially attractive. The mem- 
bership in the three founder societies devoted to 
Mechanical, Mining and Electrical Engineering 


is now between eleven and twelve thousand, and ° 


a large attendance at the meeting next week may 
be counted on. 


The fact that a chimney of any particular type 
of construction is blown down by a heavy wind 
is not necessarily an indication that this type is 
in itself defective or dangerous, especially if the 
chimney in question is but one out of a large 
number of the same type. It appears, however, 
that a wreck of a reinforced-concrete chimney 
by a wind storm, recently reported in our col- 
umns, is being used as an argument against 
concrete chimney construction in general. This 
material being comparatively new in chimney 
construction has to encounter not only the preju- 
dices and conservatism of purchasers, but also 
the sharp competition of its older rivals, whose 
field it invades. Being new, it also necessarily 
attracts more attention, so that its failures may 
be noted and recorded where those of similar 
structures of other material might pass un- 
noticed, 

In the severe wind storm at Chicago on March 
27, three steel chimneys and a 110-ft. brick chim- 
ney were blown down. The latter accident ts 
noted elsewhere in this issue. It would not be 
reasonable, however, to argue from these acci- 
dents that steel or brick chimneys are neces- 
sarily or generally dangerous. It is stated that 
nearly 300 chimneys of reinforced-concrete con- 
struction have already been built, and we know 
of no evidence that this type of chimney fs in 
any way inferior to others. At least the accident 
referred to has not shown it, since chimneys of 
other materials have likewise suffered in high 
winds. 


CONCERNING A RAILWAY PASSENGER RATE OF TWO 
CENTS PER MILE. 


A bill has passed the Pennsylvania legislature 
and on April 5 received the Governor's signature 
fixing the maximum rate of passenger fare on all 
steam railways within the State at 2 cts. per 
mile. In numerous other States, agitation for 
similar legislation has been particularly active 
for a year or more past. If such a law is en- 
acted in Pennsylvania, where—to speak frankly 
—railway influence in shaping legislation has 
been more effective than in any other State of 
the Union, there can be no doubt that similar 
laws are to be expected in many other States. 

The question arises, therefore, what attitude 
ought the railways to take toward such legis- 
lation? Is that rate a “reasonable” one, or is it 
so “unreasonable” that there is hope of success 
in an appeal to the courts by the railways on 
the ground that such rates are so low as to 
confiscate the property of railway stockholders? 

The first thing to be said regarding such a law 
is that it is on the face of things unreasonable 
to subject all railways to one uniform rate. A 
rain line may be able to earn large profits from 
passenger business at a 2 ct. a mile rate, while 


a branch line in thinly settled country may carry ~ 


passengers at a loss even at a rate of 5 cts. per 
mile or more. Whatever divergent opinions may 
be held as to railway rates, all agree that a 


minimum is fixed by the cost of performing the 
service. A railway must earn enough at least 
to pay its operating expenses, including the main- 
tenance of the property, or it must, sooner or 
later, be abandoned. Any rate too low to permit 
earnings sufficient for the railway to continue as 
a “going concern,” therefore, is prima facie un- 
reasonably low. There is a very large mileage 
of branch lines on which passenger service to-day 
is carried on at a loss. Where these lines are 
owned and operated by independent companies, 
it is manifest that some relief must be afforded 
from the sweeping legislation above noted or 


serious harm will be done, not only to these small 


railway companies, but to the communities which 
rely on them for transportation. 

The case is admittedly somewhat different 
where these branch lines form parts of a large 
system. Here it may be argued that the com- 
pany can make up on its main line for the 
losses that it sustains on its branch lines. While 
the company may run its branch line trains at 
a loss on the 2 ct. a mile rate, it will earn large 
profits on its main lines at this rate. Whether 
the latter contention is correct or not, we will 
pass for the moment. The important point to 
note is that this argument will probably be suf- 
ficient to convince legislators. In the Pennsyl- 
vania legislature a bill has already been intro- 
duced to exempt railways less than 40 miles in 
length from the provisions of the law just noted, 
and it is likely to become a law; but there is 
little likelihood that it will apply to the branches 
controlled by the large systems. 

If passenger traffic were like freight traffic, 
and moved only as a matter of business or ne- 
cessity, then it might be closely figured how 
much a reduction of the average passenger rate 
would mean in reduction of earnings; but the 
volume of passenger traffic is very largely in- 
fluenced by the rates of fare. Where passcnger 
traffic does not pay it is solely because there is 
not traffic enough. The average gross earnings 
per train mile of a passenger train in the United 
States as a whole is only $1.16; but the average 
passenger locomotive is capable of hauling a 
trainload of 500 to 1,000 passengers, which at a 
2 ct. a mile average rate would mean earnings of 
$5. to $10 per train mile. If then the reduction 
and simplification of passenger rates means in- 
creased travel, the gross earnings may be raised 
instead of lowered. i 

The theory on which passenger rates on steam 
railways are generally based at the present time 
is that the fare should vary according to what 
the traffic will bear. The justice of this theory 
can be successfully defended. It can be shown, 
for example, that the railway has to run regular 
trains at all hours and in all weathers, many 
of which .necessarily run at a loss, and that its 
rates of fare must enable it to earn a large 
profit on the well-patronized trains to compen- 
sate for losses on others. The patron who rides 
on a regular train is not only paying for that 
ride but his proportion of the cost of regular 
service. It is worth something to him to be 
able to take the journey on any day of the 
year, even if he does not actually travel at all. 
The railway company may reasonably charge 
more for its regular service than for service on 
special excursion trains, run at special times and 
so loaded that the cost of hauling a passenger 
a mile is only a small fraction of that in regular 
service. 

In the working out of this theory of charging 
what the traffic will bear, however, there has 
grown up an amount of complication and red 
tape that appears in serious need of overhauling. 
For example, on most roads with a fair amount 
of traffic mileage tickets are now obtainable 
which are sold, with few exceptions, at the rate 
of 2 cts. per mile. Originally these tickets were 
sold with a view of limiting their use to the 
wholesale buyer of transportation, and under 
divers pains and penalties they were forbidden 
to be used except by the purchaser and the mem- 
bers of his immediate family (a term capable of 
much elastic interpretation), or the members or 
employees of his business firm. To expect con- 
ductors to enforce these limitations, however, 
was too much, and as they became a dead letter 


they were gradually abandoned and m 
tickets were made good to the bearer. A- 
fares were still maintained at a higher rat 
result has been a very general use of m 
tickets by short distance travellers and t} 
tablishment of private renting agencies 
mileage tickets which do a thriving busin: 
a uniform charge of % ct. per mile. 

There is perhaps no more Striking illust: 
than this of the great advantage to the 
way companies of simplifying and unifying 
senger fares. Here is a large section 0: 
community paying %4 ct. per mile, or at th. 
of one-eighth of the total receipts of the 
way company for passenger traffic, simp) 
buy its transportation at retail instead . 
wholesale, and with all the bother besi.. 
obtaining and returning mileage tickets 
the dealers. If the railway wished to say: 
% ct. per mile for its own treasury it ; 
readily have done so by putting on sale 100) 
books at $2.25; its patrons would have pai. 
more for their service and travel would 
been stimulated by the greater convenienc. of 
the tickets. 

There is, however, much to be said for g 
a step farther and wiping out all the old- 
distinctions between through rates and | al 
rates, and between the wholesale and the 1. (| 
buyer of passenger transportation. As We | 
noted above, compulsory legislation to redic 
passenger rates to a uniform basis of 2 cts. »¢ 
mile is the order of the day. The opportu:ity 
of the railway companies is to anticipate such 
legislation wherever it can reasonably be done: 
and this applies, we believe, to a very much 
greater extent of territory than has been hith- 
erto supposed. 

Already progress in this direction is being 
made. The New York Central Lines have re- 
cently adopted a new mileage ticket, good on 
over 7,000 miles of its lines east of Buffalo. The 
New York Central also sells at the same rate of 
2 cts. per mile 500 mile books good over thc 
New York Central & Hudson River R. R. and 
leased lines. In 1901 the railways of Massa- 
chusetts, at the suggestion of the State Rail- 
road Commission, introduced 500 mile books, and 
it is referred to by the commission as “a step 
in the direction of a general charge of two 
cents a mile for single trip tickets.” 

On the principal railway systems of New Enc- 
land, the New York, New Haven & Hariford, 
the Boston & Maine, and the Boston & Albany, 
the uniform 2 ct. a mile rate on all classes of 
tickets has been put in force during the past 
year, and the results, on the first named road 
at least, are said to be an actual gain in the net 
earnings of the railway company. 

It must be understood that a reduction to a 
flat rate of 2 cts. per mile is actually no con- 
siderable reduction from average rates now 
charged. The average revenue per passenger 
mile is already down to 1% cts. in New England 
and the Middle States, where population is 
most dense, and it is below 2 cts. per mile in 
all the territory lying north of the Ohio and e:st 
of the Missouri rivers. A 2 ct. a mile rate or |:ss 
is alfeady in force on all commutation traflic, 
on nearly ail mileage tickets, and on a very larce 
proportion of long-distance journeys. The fla‘ 2 
ct. a mile rate will benefit chiefly therefore ‘!:« 
local traffic, and it is precisely this class °f 
traffic which most needs and will most rea 'y 
respond to the stimulus of low fares and wu: - 
form rates. 

It has long been a tradition of the railw y 
business that the local traveller had to tra °! 
anyway, hence there was no object in offer’ ¢ 
him any inducements in the way of low fa’ s 
or improved accommodations. The results f 
electric railway operation, however, have th - 
oughly proved the falsity of this old idea. E!) ~- 
tric suburban and interurban railways are ¢ '- 
rying passengers for a cent a mile or less 2 / 
picking up profitable traffic where the steam r° - 
ways with high rates and poor service ran th © 
trains at a loss. 

-The tradition of steam ,raflway service t! 
fares must vary with distance, with classes 
tickets, etc., were thrown to the winds by | 
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taken “om the trolley wire by a connection at- 
tached ‘o the bamboo pole. The rail-head has 
peen pened off just in front of the further rail 
camp. Lying on the ground beside the rail is 
the at’ .chment with grinding wheel by which 
the sare machine can be used for facing off the 
rails and wear plates. Both of the machines de- 
scribed above are among the specialties of the 
Railwey & General Engineering Co., of Notting- 
ham, “ogland. 

In Fs. 3 is shown a rail grinding apparatus 
adaptc: to be attached to the truck of an elec- 
tric cav. the frame carrying a shoe or block of 
abrasive material which is held upon the rail 
with «oy desired degree of pressure by the 
spring and screw. An advantage claimed over 
machines using rotary grinders is that the block 
is long enough to ride upon che crests of the 
hollows, while the grinding wheels may follow 
the crests and hollows and thus tend to increase 
the corrugations. This device is in use on the 
street railways of Liverpool and Portsmouth, 
and also on the Liverpool elevated railway, and 
it is stated that it can take the corrugations out 
of half a mile of track in one night. It is built 
by the National Rail & Tramway Appliances 
Co., 12 Taylor St., Liverpool, England. 


NOTES FROM ENGINEERING SCHOOLS. 


McGILL UNIVERSITY.—The Macdonald en- 
gineering building, the gift of Sir William Mac- 
donald, was completely destroyed by fire April 
5. The loss is placed at $750,000, but the build- 
ing was only insured for $420,000. The building 
was five stories high, with a large glass gallery 
on the upper story. The fire originated on the 
third floor at about the center of the building, 
from unknown causes. The building was opened 
in 1893 and contained much expensive machinery, 
instruments and models, including the famous 
Realeaux collection of kinematic models, said to 
be the finest in America. 


UNIVERSITY OF COLORADO.—The third 
annual inspection trip of the senior and junior 
classes of the College of Engineering was held 
March 25-30. The party left Boulder, Colo., Mon- 
day morning, March 25, and stops were made at 
Pueblo, Portland, Canyon City, Cripple Creek 
and Colorado Springs, Colo. During the trip the 
plants of the Minnequa Works of the Colorado 
Fuel & Iron Co., at Pueblo; the electric light 
and power plants, pumping stations, round- 
houses, bridges, etc., of Pueblo, Canyon City and 
Colorado Springs; the Portland Cement Co.’s 
Plant at Portland; the Skaguay Power Plant at 
Victor; the Elkton Mine, the Gold Coin Mine, the 
Portland Mine and Power Plants at Colorado 
Springs, and the Hydro-Electric Plant at Mani- 
tou were inspected. The party was made up 
of 20 seniors and 34 juniors, and was under the 
direction of Prof. M. S. Ketchum, Dean of Civil 
Engineering; Prof. H. S. Evans, Electrical En- 
gineering; Prof. J. A. Hunter, Mechanical En- 
gineering, and Mr. H. C. Ford, Instructor in Civil 
Engineering. 


CARNEGIE INSTITUTE AND TECHNICAL 
SCHOOLS.—Mr. Andrew Carnegie announced 
April 5 an additional gift of $6,000,000 to these 
institutions. The income from $5,000,000 is to be 
applied by the trustees as they deem best, to the 
Support of the Technical Schools, Art Depart- 
ment, Museum, Music Hall, Librarian’s Schools, 
and such other classes or schools as may later 
be established. The remaining $1,000,000 is to 
be used in constructing new buildings for the 
Technical Schools. This last gift raises the total 
endowment to $9,000,000, of which $6,000,000 is 
for the Institute, and $3,000,000 for the Technical 
Schools. Mr. Carnegie’s gifts to these institu- 
lions now amounts to $19,620,000. 

The eleventh celebration of Founder’s day and 
the dedication of the new building of the Car- 
hegie Library and Institute will occur April 
1L-13. For this occasion Mr. Carnegie has in- 
vited many prominent persons to be his guests. 
The list ineludes the names of Sir Robert S. Ball, 
Lowndean Professor of Astronomy at Cambridge 
University; Prof. John Rhys, Master of Jesus 
College, Oxford; Provost James Currie Macbeth, 


Mayor of Dunfermline, Scotland; Baron D’Estour- 


-nelles de Constant, a member of the French Sen- 


ate; W. T. Stead, Editor of the Review of Re- 
views; Lieutenant General Alfred F. J. L. Loew- 
enfeld, personal representative of Kaiser Wil- 
liam; Herr von Hoeller, former Prussian Minister 
of Commerce and Industry; Baron Deschamps, 
Minister of State, Belgium. 

The dedication will begin with a reception by 
Mayor George W. Guthrie, of Pittsburg, and will 
conclude with a visit to the Homestead Steel 
Works of the Carnegie Steel Co. Mr. Carnegie 
and his distinguished guests will make addresses 
during the dedication, and honorary degrees will 
be conferred on the foreign guests by the West- 
ern University of Pennsylvania. 


FIRE IN THE ERECTING PLANT of the Church 
Street Terminal of the McAdoo Tunnels in New York 
City, on April 3, 1907, caused an estimated damage 
of $50,000 and for a time endangered the lives of a 
hundred or more caisson workers. This terminal, a 
description of which was published in Engineering News 
for Jan. 3, 1907, is to be founded on the solid rock, 
which is found at this point at a depth varying from 
50 to 110 ft. The work now going on consists in sinking 
more than 100 caissons. The fire broke out in an oiling 
room, which stands on timber stilts in the middle of 
the excavation, and soon spread to the engine rooms sup- 
plying air to the caissons, being fed by the timber upper 
works of the caissons and the immense amount of der- 
ricks, bracing and other timbering all over the site. 
The alarm was rapidly spread to the caisson workers, 
who were nearly overcome from the smoke forced down 
to them from the pumps, which were in the midst of 
the fire. Although some of the engineers had to leave 
their engines on account of the flames, thus causing men 
to climb out of the deep caissons on the ladders. The 
entire force was rescued with but a few minor acci- 
dents. The work will be retarded about 30 days as a 
result of the damage. 


> 


FOUR MORE ATTEMPTS TO WRECK TRAINS on the 
Pennsylvania R. R. system have occurred since our last 
issue went to press. A second attempt to wreck the 
“Chicago Limited’’ was made at Pittsburg April 4, but 
was unsuccessful. The fish plates were removed from 
the rails, but the wreckers evidently did not have time 
to remove enough spikes to permit of moving the rail, 
thus ditching the train. On April 7 the ‘Cleveland 
Flier’’ was ditched at Hudson, O., by some one removing 
fish plates and spikes from the rails. This attempt was 
made in a narrow cut, and when the locomotive and 
baggage car left the rails they struck the side of the 
cut and little damage was done. The sleepers and day 
coaches did not leave the track. An attempt to wreck 
a fast passenger train at East Brady, Pa., was made 
April 7 by fastening a tie across the rails. The pilot 
of the locomotive tore the obstruction loose and no dam- 
age was done except to the pilot. An attempt to 
wreck a fast freight was made at Alliance, O., April 
8, by suddenly throwing a switch and switching the 
train to a siding loaded with cars. No damage was 
done, however, as the train was brought to a standstill 
before striking the sidetracked cars. 


A TRUST FUND of $120,000 for the establishment of 
what are to be known as the “Frank Thomson Scholar- 
ships’? has been accepted from Miss Annie Thomson, Mr. 
Frank Graham Thomson, and Mr. Clark Thomson, by 
the Directors of the Pennsylvania R. R. Beginning 
with the year 1907 two scholarships, each for the annual 
amount of $600, will be awarded, and each year there- 
after two more will be assigned. By this arrange- 
ment the fund will continuously keep eight men in col- 
lege, each award being good for four years. 

The scholarships will only be open to sons of Penn- 
sylvania employees, and in order to receive an appoint- 
ment the applicant must pass a competitive examina- 
tion corresponding in general to the entrance examina- 
tions of the scientific departments of the higher insti- 
tutions of learning. 


FIRE DESTROYED the Hudson River steamer ‘‘City 
of Troy,’’ of the Citizens’ Line, at Dobbs Ferry, N. Y., 
April 5. The boat left New York City Friday evening 
on its regular run to Troy, N. Y., with 65 passengers 
on board. When off Yonkers, at about 9 P. M., the 
boat was discovered to be on fire, but it was fully an 
hour later before Captain Chas. H. Bruder was able to 
make a landing and discharge his passengers. All per- 
sons on board were safely landed, but the cargo, in- 
cluding seven horses, was destroyed. The ‘City of 
Troy” was a sidewheel steamboat, 280.6 ft. long, 38 ft. 
beam, 10 ft. draught, and with a gross tonnage of 1,527 
tons. She was built at Brooklyn, N. Y., in 1876, but was 
remodeled about 13 years ago. Defective wiring is said 
to have caused the fire. ' 


A HEAVY EARTHQUAKE damaged the city of Bitlis, 
Turkey, on March 29, according to reports from mis- 
sionaries. Perhaps ten per cent. of the houses of the 
city were ruined by the series of shocks. About at the 
same time the statement has come from the seismologi- 
cal observatory at Laibach, Austria, that earth move- 
ments in the last few months have totalled below the 
average, and that larger movements may therefore be 
expected. 

A TORNADO swept over portions of Louisiana, Mis- 
sissippi and Alabama April 5, doing some $500,000 worth 
of damage to property and killing a score of people. 
At Alexandria, La., about 100 buildings were wrecked. 
The insane asylum at Jackson, La., was destroyed, three 
inmates killed and many others injured. 


4 


A BRICK CHIMNEY at a Chicago factory was blown 
down during a high wind on March 27. The chimney 
was 4 ft. diameter and 110 ft. high, at the plant of the 
E. J. Davis Planing Mill Co., 241 W. 21st St., Chicago, 
and was of ordinary brick construction, built a few 
years ago at a cost given as $2,000. The portion blown 
down wrecked an adjoining one-story building occupied 
by the Clinton Glass Co., going through the roof and the 
timber floor and carrying away part of the walls. We 
are informed by the Weather Bureau that the wind ve- 
locity recorded for that day was 4S miles an hour. 


> 


THE NEW MANHATTAN TERMINAL OF THE 


Brooklyn Bridge, described in our issue of Jan, 31, 1907, 
is to be commenced May 1, 1907. Notice to vacate has 
already been given to all occupants of buildings in the 
zone of work. The terminal is expected to be in opera- 


tion by Jan. 1, 1908. 


> 


EXCAVATION FROM THE CULEBRA CUT during 
the months of March amounted to 815,270 cu. yds., ac- 
cording to official returns. This is 177,000 cu. yds. in 
advance of the best previous monthly record. 


PERSONALS. 


Senator John Hinchliffe has resigned as a member of 
the Passaic Valley Sewerage Commission. 


Mr. C. L. Graves, General Manager of the Chihuahua & 
Pacific Ry., has resigned to engage in the mining busi- 
ness. 


Mr. O. O. Winter has been appointed General Superin- 
tendent of the Grand Trunk Ry., with office at Winni- 
peg, Man. 


Mr. Fred. Giddings has been reappointed City Engineer 
of Atchison, Kan. He has held the position for 11 years, 
and his new appointment is for two years, 


Mr. W. S. Shields, consulting engineer in municipal and 
civil engineering work, has removed from 1715 Mar- 
quette Building, Chicago, to 1201 Hartford Building, 
Chicago. 


Mr. J. W. Morrison has been appointed Superintendent 
of the Union Depot at St. Paul, Minn., to succeed Mr. 
Joseph Strawhorn, resigned to become General Manager 
of the South St. Paul Terminal. 

Mr. Glenn D. Holmes, M. Am. Soc. C. E., Engineer of 
Water Supply, New York State Barge Canal, has re- 
signed to accept the position of Engineer in charge of 
sewer construction for the city of Syracuse, N. Y. 

Mr. J. F. Porterfield, Superintendent of the Yazoo & 
Mississippi Valley R. R., at Vicksburg, Miss., has been 
appointed Superintendent of the Louisiana Division of the 
Illinois Central R. R. He is succeeded by Mr. A. C. 
Ferguson. 


Mr. Mason B. Starring, formerly Vice-President of the 
Chicago City Ry., of Chicago, Ill., has been elected 
President of the Northwestern Elevated R. R. of that 
city. He succeeds Mr. Clarence Buckingham, who be- 
comes Vice-President. 

Mr. Le Roy Churchill Chowning has been appointed 
Chief Mechanical Engineer of the Corning (N. Y.) Water- 
Works. He is a graduate of the Virginia Polytechnic In- 
stitute and was lately employed by the National Meter 
Co., of New York City. 


Mr. J. P. Newman has been appointed New England 
advertising representative of Engineering News, succeed- 
ing Mr. B. D. Butler, transferred to Chicago. Mr. New- 
man will have his headquarters at the New York office 
of Engineering News. 

Mr. E. W. Myers, Assoc. M. Am. Soc. C: E., Engineer, 
U. S Reclamation Service, has secured leave of absence 
for a year and has opened an office for the practice of 
hydraulic and municipal engineering in the Arcade 

Building, Greensboro, N. C. 

Mr. William C. McKeown, of Denver, has been ap- 
pointed Assistant Superintendent of the Wyoming Division 
of the Union Pacific R. R., at Cheyenne, Wyo., to suc- 
ceed Mr. A. F. Vicksroy, who has been appointed Super- 
intendent of the Colorado Division of the Denver & Rio 
Grande R. R. 


Mr. B. D. Butler has been appointed Western adver- 
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given in the first edition of Buell and Hill in their 
book ‘‘Reinforced Concrete’ dated 1904. The results 
obtained and the method given appeared to be radically 
wrong. He was saved from foolishly rushing into print 
in regard to the matter by having his attention called 
to the new edition of the book, where the chapter on 
beams and theories of flexure has been rewritten. For 
the particular beam in mind the allowable bending mo- 
ment according to the later edition is double that given 
in the previous edition. 

Unit stresses given by different writers vary greatly. 
It is true no general rule can be given. The values 
of different kinds of concrete differ and must be 
obtained by test. Still, to the lay mind it seems there 
should be a nearer degree of uniformity than at present. 

Are beams to be figured continuous over supports? 
How ‘shall the strength of the floor slab be calculat<d? 
On these two questions there is a wide range of choice, 
especially so if we consider the handbooks of dealers 
and the practice of designing engineers, as well as the 
technical literature on the subject. 

A well-known handbook widely circulated, says that 
rectangular beams when incorporated in floor panels 
will have just about twice the capacity given by the 
formula for beams on knife-edge supports. At the 
same time, one of the best known text-books will allow 
an addition of only 25%. 

How much of the slab shall be assumed as part of 
the beam? The ‘Regulations of the Bureau of Build- 
ings of the Borough of Manhattan, New York City, in 
regard to the use of Concrete Steel Construction’’ says: 
“The floor-plate to the extent of not more than ten 
times the width of any beam or girder may be taken 
as part of that beam or girder in computing its mo- 
ment of resistance."’ This seems to be foolish. Mr. 
Reid, in his book ‘Concrete and Reinforced Concrete 
Construction,’’ who has ‘‘Assistant Engineer, Bureau of 
Buildings,’’ after his name on the title page, writes, 
on page 3812, “It is evident that under normal condi- 
tions, ten times the width of the stem is far too liberal 
an assumption, while a value of three is much too 
small; a value of from four to six is probably about 
right to fit all cases without straining the concrete too 
high."’ Taylor and Thompson in their book ‘Concrete, 
Plain and Reinforced,"’ write of the effect of the T-section 
as ‘‘somewhat problematical’’ and design their beams 
without reference to the slab. 

The New York Building Regulations are explicit and 
definite in their requirements, and with the exception 
of the ‘‘break’’ just mentioned, seem to be conservative 
and safe. Some of their other requirements are: 
Extreme fiber stress on concrete in 

Shearing stress in concrete.... oe 
Concrete in direct compression 
Tensile stress in steel........ . 
Shearing stress in steel............. 10,000 

The ratio of the moduli of elasticity of concrete and 
steel shall be taken as 1 to 12. 

Beams and girders shall be considered as simply sup- 
ported at the ends, no allowance being made for con- 
tinuous construction over supports. Floor plates, when 
constructed continuous and when provided with rein- 
forcement at top of plate over the supports, may be 
treated as continuous beams, the bending moment for 
 — alee distributed loads being taken at not less than 


———-; the bending moment may be taken at in 
10 2 
the case of square floor plates which are reinforced in 
both directions and supported on all sides. 
The strain in any fiber is directly proportionate to 
the distance of that fiber from the neutral axis. 
BiB ae strength of the concrete shall not be con- 
side’ 


Concrete-steel may be used for columns in which the 
ratio of length to least side or diameter does not exceed 
twelve. The reinforcing rods must be tied together at 
intervals of not more than the least side or diameter 
of the column. 

On the whole subject, what is authoritative, and where 
can it be found? With the design the writer had before 
him, he could find authority for reporting it amply 
strong, and authority seemingly of equal weight that 
would condemn it. 
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treatment is used to finish off the joint new 
track and special work, where the are 
rigidly embedded and anchored in conc:. it is 
also used to trim lipped or worn joint: i to 
take out the transverse grooves or cor: tions 
in the rail heads, which appear to be very 
common trouble in England. Fig. 1 « the 
Brown & Costa machine of this kind, pped 


FIG. 2. PLANING AND GRINDING MACHINE FOR RENEWING RAIL JOINTS. 
Railway & General Engineering Co., Nottingham, England, Makers. 


An expression of opinion from some of your readers 
qualified to write on the subject would certainly be 
welcomed. 

At the same time, it may be pertinent to ask whether 
it is allowable to use a factor of two for the dead 
loads in a reinforced concrete structure. If so, why 
should a steel structure be calculated for a safety- 
factor of four for its dead load? 

Also, in view of some recent failures of concrete 
columns, is it not partly true that ‘‘one of the best 
ways to design a concrete column is to build it of 
cast-iron or steel?’’ Exception is taken by the writer 
to cast-iron in the quotation. 

Yours very truly, R. F. 

New York City, March 28, 1907. 


GRINDING RAILS ON ENGLISH STREET RAILWAYS. 


It is becoming a very general practice on street 
railways in England to true up the rails, es- 
pecially at the joints, by grinding the heads. 
This is done either by a car fitted with apparatus 
for driving emery or carborundum wheels, or by 

a grinding shoe attached 
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to a car truck. The 


with an electric motor for operating the grinder. 
It has a steel frame mounted un flanged wheels, 
and provided with brakes for holding the car 
while the grinding is in progress. Each of the 
carborundum wheels is carried by a compound 
slide, and can be adjusted vertically, longitu- 
dinally and transversely. The axle of the grind- 
ing apparatus is driven from the motor by a 
flexible steel shaft. The machines may also be 
fitted with a gasoline engine, or with both en- 
gine and motor. They are in use on the street 
railways of London, Nottingham, Halifax and 
other cities. 


In street railway track, as in steam railway 
track, there is a tendency of the wheels to cut 
out or wear away the rail-head just beyond the 
joint at the entering end of the rail. This, of 
course, cannot be made good by grinding, but 
experiments are being made in the way of plan- 
ing away the rail-head and fitting a renewable 
piece of hard steel, secured in place by dove- 
tailing. .Fig. 2 shows the Brown & Costa ma- 
chine for this work, and it is operated by current 


FIG. 1. STREET RAILWAY TRACK GRINDING MACHINE. 
Railway & General Engineering Co., Nottingham, England, Makers. 


FIG. 3. RAIL GRINDING DEVICE FOR STEAM AND ELECTRIC RAILWAY >. 
_ National Rail & Tramway Appliances Co., Liverpool, England, Makers. 
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ENGINEERING NEWS. 


tising representative of the Engineering News Publishing 
Co., succeeding Mr. M. C. Robbins, who recently resigned 
the position. Mr. Butler will have his headquarters at 
the Western office of Engineering News, 1636 Monadnock 
Block, Chicago. 

Mr. George Hannauer has resigned as Superintendent of 
the Wiggins Ferry Co., of St. Louis, Mo., to become 
Superintendent of the Chicago, Indiana & Southern 
R. R., and the Indiana Harbor R. R. Mr. Charles 
Burlingame succeeds Mr. Hannauer as Superintendent of 
the Ferry company. 

Mr. W. R. Jennison has severed his connection with the 
Lane & Bodley Co., of Cincinnati, Ohio, as their southern 
representative, and will now devote his time to the sale 
of Wheeler condensers, Weber steel stacks and Cochrane 
feed water heaters and separators. His address is the 
Prudential Building, Atlanta, Ga. 

Mr. T. M. Connors, Assistant Superintendent of the 
Toledo & Ohio Central Ry., has been appointed Super- 
intendent of the Kanawha & Michigan Ry., with head- 
quarters at Charleston, W. Va. He succeeds Mr. W. C. 
Franz, who has been appointed General Manager of the 
Kanawha & West Virginia R. R., with headquarters at 
Charleston, W. Va. 

Mr. Arthur P. Davis, Assistant Chief Engineer of the 
U. 8S. Reclamation Service, has been promoted to be Chief 
Fingineer, to succeed Mr. F. H. Newell, who was recently 
appointed Director of the Service. Mr. Davis is a 
graduate of Washington University, St. Louis, and from 
1898 to 1900 was in charge of the hydrographic work of 
the Nicaragua and Panama Canal routes. He joined the 
Reclamation Service immediately after the passage of the 
Reclamation Act, in June, 1902. 

Mr. George Otis Smith, who has been acting as tem- 
porary head of the U. 8. Geological Sufvey, has been ap- 
pointed Director, effective May 1, to succeed Mr. Chas. 
D. Walcott, who was recently elected Secretary of the 
Smithsonian Institute. Mr. Smith became connected with 
the Survey soon after graduating from Colby College, in 
1893. He received his doctor's degree from Johns Hop- 
kins University in 1896. His work as a field geologist 
has included the states of Utah, North Carolina, New 
Jersey, Pennsylvania and the New England States, be- 
sides work in the Lake Superior region. 


Mr. A. B. Crozier, M. W. Soc. E., has associated himself 
with Mr. R. C. Barnett, Assoc. M. Am. Soc. C, B., Civil 
Engineer, 510 Kansas City Life Building, Kansas City, 
Mo., as a Consulting Mechanical Engineer. He was re- 
cently connected with the Cudahy Packing Co., of Omaha, 
Neb., and previously with Schwarzschild & Sulzberger 
Packing Co. and Arnold & Co., in charge of electric light 
and power work, refrigerating and steam plants, etc. 
Messrs. Crozier and Barnett will give attention to de- 
signs and specifications for steel and reinforced concrete 
structures, foundation work, power plants, refrigerating 
and manufacturing plants. 


Mr. Elbert E. Lochridge has been appointed Chief En- 
gineer of the Little River water system, for Springfield, 
Mass. Mr. Allen Hazen, of the firm of Hazen & Whipple, 
220 Broadway New York City, is Consulting Engineer 
for the new water system. Mr. Lochridge is a graduate 
of Beloit College. He also took a graduate course at the 
Massachusetts Institute of Technology, and has been 
connected with the water-works of Beloit, Wis.; Daven- 
port, Iowa; Cedar Rapids, Iowa; Warren, Ohio; Bing- 
hamton, N. Y., and Brooklyn, N. Y. He is an associate 
member of the American Society of Civil Engineers, a 
member of the New England Water-Works Association, 
besides several other local societies. 


Obituary. 
Frank J. Sharp, a contractor of Germantown, Pa., died 
at his home in that town, April 3, aged 46 years. 


Josiah B. Harthorn, a retired shipbuilder of New Eng- 
land, died at his home in Bangor, Me., April 6, aged 78 
years. 


Frederick Black, a civil engineer in the employ of 
the Tidewater R. R., committed suicide at Roanoke, Va., 
April 4. 


John Joseph Riley, head of the Brooklyn Steam En- 
gine Works, Brooklyn, N. Y., died at his home in that 
city, April 1, aged 61 years. 

Peter H. O. Willebrands, Vice-President of the Wille- 
brands Machinery Co., of Detroit, Mich., died at his home 
in that city, March 29, aged 81 years. 

John Davidson Peck, formerly Superintendent of the 
Brooklyn Wharf & Warehouse Co., died at his home in 
Brooklyn, N. Y., April 3, aged 78 years. 

Richard Croker, Supervising Engineer in the Depart- 
ment of Buildings, New York City, died April 6, at 
Bloomfield, N. J., of paralysis, aged 38 years. 

Theodore D,. Buhl, President of the Buhl Malleable 
Iron Works, of Detroit, Mich., dropped dead in New 
York City, April 7, of apoplexy, aged 63 years. 

Thomas Palmer, formerly Superintendent and Manager 
of the Cleveland Rolling Mill Co., of Cleveland, Ohio, 
died in that city, March 16. He was born in England, 
but came to America in 1855. 


Edward J. Yard, Chief Engineer of the Denver & Rio 
Grande Ry., died at Denver, Colo., March 23, aged 47 
years. He was born at Galveston, Texas, and entered 
the railway service in 1880 as Topographer of the Denver 
& Rio Grande Ry. ‘For a few months in 1882 he was 
connected with the Texas, Santa Fe & Northern Ry., but 
in November of that year he reentered the employ of the 
former road. Since then he had been connected with that 
system, holding successively the positions of Engineer, 
Resident Engineer and Chief Engineer. He was ap- 
pointed to the latter position Feb. 1, 1902, 


ENGINEERING SOCIETIES. 


COMING MEETINGS. 


age 18-19. Annual Meeting at Clinton, Iowa. Secy., 
P. Spinney, Iowa State College, Ames, lowa. 

bie RAILWAY ASSOCIATION. 
1 24. Annual Meeting at Chicago. Secy., W. F. 
ae 24 Park Pl, New York City. 
AMERICAN ELECTROCHEMICAL SOCIETY. 
May 2-4. Annual meeting at Philadelphia, Pa. Secy., 
8. S. Sadtier, 39 South 10th St., Philadelphia, Pa. 
AMERICAN FOUNDRYMEN’S ASSOCIATION. 
May 21-24. Annual convention at Philadelphia, Pa. 
Secy., Richard Moldenke, Watchung, N. J. 
NATIONAL FIRE PROTECTION ASSOCIATION. 
May 22-24. Annual Meeting at New York City. Secy., 
W. H. Merrill, 382 Ohio St., Chicago, Ill 
AMERICAN SOCIETY OF MECHANICAL ENGINEERS. 
May 28-31. Semi-annual Meeting at Indianapolis, Ind. 
Secy., Mr. Calvin W. Rice, Engineering Secieties 
Bldg., 33 West 39th St., New York City. 
NATIONAL ELECTRIC LIGHT ASSOCIATION. 
June 4 to 7. Annual convention at Washington, D. C. 
a W. C. L. Eglin, West 39th st., New York 
ity. 


eer RAILWAY MASTER MECHANICS’ ASSO- 


June 12-14. Annual meeting at Atlantic City 
Secy., J. W. Taylor, 890 Old Colony Bldg., Gstenae 


MASTER CAR BUILDERS’ ASSOCIATION. 
June 17-19. Annual meeting at Atlantic City, N. J. 
ae J. W. Taylor, 390 Old Colony Bldg., Chicago, 


AMERICAN WATER-WORKS ASSOCIATION. 
June 17-22. Annual convention at Toronto, Ont. Secy., 
J. M. Diven, 14 George St., Charleston, 8. C. 


ASSOCIATION OF RAILWAY TELEGRAPH SUPERIN- 
TENDENTS, 
June 19-20. Annual meeting at Atlantic City, N. 
Secy., P. W. Drew, Wisconsin Central Ry., uit: 
waukee, Wis. 


AMERICAN SOCIETY FOR TESTING MATERIALS. 
June 20-22. Annual meeting at Atlantic City, N. J. 
Secy., Edgar Marburg, University of Pennsylvania, 
Philadelphia, Pa. 


AMERICAN SOCIETY OF CIVIL ENGINEERS. 

Annual convention at the City of Mexico, Mexico, be- 
tween June 20 and July 20; exact date will be an- 
nounced later. Secy., Charles Warren Hunt, 220 
West 57th St., New York City. 


ASSOCIATION OF AND CAR AC- 
COUNTING OFFICER 
June 25, 26. Annual —. & at St. Paul, Minn. Secy., 
G. P. Conard, 24 Park Place, New York, ms Se 


INSTITUTE OF ELECTRICAL ENGI- 


June 25-28. Annual convention at Niagara Falls, N. Y. 
ony Ralph W. Pope, 29 West 39th St., New York 


SOCIETY OF CHEMICAL INDUSTRY.—A meeting of 
the New York section will be held April 19, at the 
Chemists’ Club, 108 West 55th St., New York City. The 
program will be a symposium on soap, Messrs. J. Lew- 
kowitsch, W. C. Alpers, Frank L. Randel, D. Wesson, 
Martin H. Ittner, J. Merritt Matthews, J. F. Hinckley, 
Wm, Dreyfus, A. C. Langmuir and N. J. Lane giving 
short discussions on its manufacture, use and composition. 

THE AMERICAN SOCIETY OF CIVIL ENGINEERS 
held its regular business meeting at its house on April 
3, 1907; Mr. A. L. Bowman in the chair. Mr. C. C. 
Schneider, Past President of the Society, read abstracts 
from his paper on “Movable Bridges,’’ which contains 
the first full set of specifications for movable bridges as 
a distinct and separate branch of the science of bridge 
design and construction. The paper aroused considerable 
interest and written discussions from Messrs. A. H. 
Smith, J. R. Worcester, C. R. Dart, and others were 
read. 

WESTERN SOCIETY OF ENGINBERS.—At the meet- 
ing held at the society’s rooms in Chicago on April 3, 
there was presented a paper by Mr. R. M. Hosea on “A 
Colorado Mountain Reservoir.’ The Sugar-Loaf reser- 
voir is about five miles from Leadville, and is the prop- 
erty of the Colorado Fuel & Iron Co. The dam is of earth 
and clay, and as the presence of boulders in the borrow- 
pits made grading machines unsatisfactory, a small steam 
shovel was used, with dump cars. All filling around the 
outlet pipe and cross walls was done with the best clay 
available, put in by hand, tamped and puddled with 
water. The dam is 208 ft. wide at the base and 25 ft. on 
top, with three 48-in. pipes laid in a concrete bed or 
cradle, with concrete cross walls carried around and 
above the pipe at intervals. The pipes discharge into a 
concrete basin; their upstream ends are in a concrete 
inlet chamber, each pipe having a double-seated valve 
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working vertically. An ample spillway js idea 
capable of safely carrying off all flood disc) The 
shrinkage of the material in the dam was 5 The 
work was done by Clough & Anderson, 0: rado 
Springs, under the direction of Mr. Hosea a; En. 


gineer, and the cost was slightly within the sted 
amount of $127,655. : 


NEW YORK ACADEMY OF MEDICINE.—A 
the Public Health Section, held on April 4, 
to “The Street Cleaning Problem in New Y. 
The session was opened by a paper on “Street 
Disease,"’ by Dr. W. Gilman Thompson. Dr. ‘ 
and also other physicians who spoke during th 
were of the opinion that dirty streets and du: : 
sulting therefrom affect the health of the p« more 
through being predisposing causes to colds, p: onia, 
and the like, than through any specific infection iddy 
and slushy streets and the attendant aerial 
have very injurious effects upon invalids non- 
robust persons generally; while dusty air 4 great 
harm through irritation of the whole respiratory tract. 
Captain F. M. Gibson, late Deputy Comm! 


pness 


er of 
Street Cleaning, outlined many of the “‘practica! ¢ ‘icul- 
ties in cleaning the streets.’"” Among these, p carts 
and politics play a great part. Stress was also |: upon 
the manner in which the Street Cleaning Depart): hag 
been hampered of late through the curtailment o: use 
of water for washing the streets. In a pape: titled 
“‘Practical Ideals of Street Cleaning,’”’ Mr. Rud: Her- 
ing, M. Am. Soc. C. E., set forth in plain term: h the 
character of the problem and the best means 0! ~ \ying 
it, drawing largely upon European experience. \ num- 
ber of others took part in the discussion, include pr. 


George A. Soper, M. Am. Soc. C. E., and Mr. M. N, 
Baker, of the editorial staff of this journal. 


DEDICATION OF THE ENGINEERING SOCIH/IgEs’ 
BUILDING, NEW YORK CITY.—The program announced 
for the dedication exercises to be held on Apri! 11-19 is 
as follows: 

Tuesday, April 16, 3 p. m., Dedication Exercises; Pre- 
siding Officer, Charles Wallace Hunt. 

1. Presentation of the gavel by Mrs. Andrew Carnegie. 

2. Prayer wy, Rev. Edward Everett Hale, D. D., Chap- 
lain U. 8. ate. 

3. Gemmantentions from the President of the United 
States, the President of the Republic of Mexico, and the 
Governor-General of Canada. 

4. Historical address by Mr. Charles F. Scott, Past- 
President American Institute Electrical Engineers, Chair- 
man of the Conference and Building Committee. 

5. Acceptance of the building by Mr. E. E. Olcott, 
President of the United Engineering Society. 

6. Ad by Mr. Andrew ae ny 

7. Oration, Dr. Arthur Twining Hadley, President of 
Yale University, “The Professional Ideals of the Twen- 
tieth Century.’ 

Tuesday evening, reception from 9 to 10.30 p. m., in 
the main Auditorium. 

The receiving party will include the Presidents of the 
three Founder Societies and of the United Enginecring 
Society, with their wives. 

At 10.30 p. m., in the rooms of the Societies, the Offi- 
cers and Councils of the Societies will receive the mem- 
bers and guests in the rooms of the respective Socicties. 

Supper will be served from 10 to 12 p. m., and the 
entire building will be on view. 

Wednesday afternoon, April 17, 3 p. m., Founders’ 
Day; Presiding Officer, John W. Lieb, Jr. 

. Address by the President of the American Institute 
of Electrical Engineers, Dr. Samuel Sheldon. 

2. Address by the President of the American Society 
of Mechanical Engineers, Dr. Frederick Remson [iutton. 

3. Address by the President of the American Institute 
of Mining Wngineers, Dr. John Hays Hammond. 

4. Presentation of Medals for Distinguished Services to 
Ralph W. Pope, Secy. Am. ie? E. E.; Frederick R. 
Hutton, Past y. Am. Soc. M. Rossiter W Raymond, 
E. By A. R. Past-President, 

n neering Soci 

. Presentation to of Mechanical 
eo of a portrait of George Corliss. 
Presentation of John Fritz G Geld Medal to Alexander 
Bell, Charles 8. Scott, Chairman Joho fritz 
Medal Board | 


of Award. 
Oration" Ethics of Secret Processes in the Arts,’ 
by Dr. James Douglas, Past-President of the American 
Institute of Mining Engineers. 


Professional Sessions of Founder Societies. 

Thursday afternoon, April 18, 2 p. m.—Session «! the 
American Institute of Mining Engineers. 

A paper on ‘“‘Mining Engineering in New York “ty,” 
describing the excavation and tunnel work now ‘ng 
carried on by the Transportation Companies, will ! ead 
by Mr. H. T. Hildage. 

Thursday evening, April 18, 8.15 p. m.—Session — ‘he 
American Society of Mechanical Engineers. 

An address on “‘The Ordnance Department as © "n- 
gineering Organization” will be delivered by Br 
General William Crozier, Chief of Ordnance, U.S.  "Y- 

Friday afternoon, April 19, 2 p. m.—Session ©' the 
American Institute of Mining Engineers. 

Several professional papers on Metallurgy, Met): « of 
Mining, Gas Engine Practice, the Treatment of © °° 
Ores, and various other subjects, will be read an. '* 
cussed at this and the Thursday afternoon session. 

Friday evening, April 19, 8 p. m.—An informal =) \¢T 
and vaudeville for members of the Founder Societi:. «ill 
be held in Madison Square Garden. 
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